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PREFACE

The study reported herein was funded by the Office, Chief of Engineers,

US Army, from Civil Works Appropriation 96X3123, "General Investigations -

Research and Development," Work Unit 31687, "Innovative/Alternative Wastewater

Collection, Transportation, and Treatment Systems for Recreation Areas."

The study was conducted during 1983 by personnel of the Environmental

Engineering Division (EED) of the Environmental Laboratory (EL), US Army

Engineer Waterways Experiment Station (WES).

The study was conducted by Mr. M. John Cullinane, Jr., under the direct

supervision of Mr. Norman R. Francingues, Chief, Water Supply and Waste Treat-

ment Group, and the general supervision of Mr. Andrew J. Green, Chief, EED,

and Dr. John Harrison, Chief, EL.

The information presented in this report is adapted from design and spec-

ification guidelines for low pressure sewer systems developed by a technical

advisory committee to the State of Florida Department of Environmental Regu-

lation. Appreciation is extended to the Department for allowing use of these

guidelines as the foundation for developing low pressure sewer design criteria

for recreation areas. Appreciation is also extended to Mr. W. Carroll Murphy

of Engineering Service, Inc., Jackson, Miss., for furnishing the cover

photographs.

Commander and Director of WF.S during the study and preparation of this

report was COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.

This report should he cited as follows:

Cullinane, M. J., Jr. 1985. "Design and Specification of Low Pressure O
Sewer Systems for Recreation Areas," Technical Report EL-85-1,
US Army Engineer Waterways Experiment Station, Vicksburg, Mis'issippi.
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (SI) units as follows:

. .Mul ti -To Obtain

Fahrenheit degrees 5/9 Celsius degrees or

Kelvins*

feet 0.3048 metres

feet per second 0.3048 metres per second

gallons per Oiy 3.785412 cubic decimetres per

day

gallons per hour 3.785412 cubic decimetres per

hour

gallons per minute -3.785412 cubic decimetres

per minute

gallons (US liquid) 3.785412 cubic decimetres

horsepower (electric) 746.0 watts

inches 25.4 millimetres

miles (US statute) 1.609347 kilometres

pounds (force) per 6894.757 pascals
square inch

i'

To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) read-
ings, use K (5/9)(F - 32) + 273.15.
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DESIGN AND SPECIFICATION OF LOW PRESSURE

SEWER SYSTEMS FOR RECREATION AREAS

PART I: INTRODUCTION

Background

1. The objective of a wastewater collection system is to convey wastes

from the point of generation to the point of treatment or disposal. Depending

on site conditions and cost of construction, the US Army Corps of Engineers

(CE) has traditionally used either trucked transport or gravity pipe systems

for collection and transmission of wastewaters (Cullinane 1981). The use of

trucked transport systems is limited to the collection and transport of small

volumes of wastewater such as septic tank sludge, vault toilet wastes, recir-

culating and portable chemical toilet wastes, and isolated low volume flush "

toilet wastes. Gravity pipe systems, on the other hand, are the systems of

choice in the majority of cases where waterborne sewerage is provided.

2. Gravity sewer systems consist of a network of underground pipes that

slope continually downhill to some termination point such as a discharge into

a treatment plant or a regional sewer system. To obtain proper flow veloci-

ties, piping must be installed with sufficient slope in spite of the topo-

graphic and geologic characteristics of the site. Gravity systems also

usually incorporate lift stations and force mains to avoid deep excavations

that would be necessary in flat or undulating terrain.

3. Unfortunately, the topography and geology of many CE recreation areas

are complex and not well suited for economical use of gravity wastewater col-

lection systems. The very characteristics that make for an aesthetica!ly

pleasing recreation area often complicate the design and construction o nec-

essary sanitary facilities. Hilly or rocky terrain may increase the cost ot

construction of traditionally designed gravity sewer systems, making otherwise

desirable locations unsuitable for development as recreation areas (Oflice, 0

Chief of Engineers, 1980).

4. Various innovative/alternative (I/A) wastewater collection tech-

nologies have been proposed and/or developed for municipal applications where

topographic, geologic, or development density constraints had previously O

been found to make gravity collection systems economically inteasible

5



(Cullinane 1981). Three I/A collection and transport systems have been iden-

tified as viable alternatives in the municipal sector (National Utility Contrac-

tors Association 1979): low pressure-small diameter systems, vacuum systems,

and small diameter gravity systems. To date, low pressure sewer systems have

received the most attention and appear to have the most applicability to CE

recreation area facilities.

Purpose and Scope

5. One of the purposes of Work Unit 31687, "Innovative/Alternative Waste-

water Collection, Transportation, and Treatment Systems for Recreation Areas,"

is to develop and disseminate information concerning the applicability of I/A

wastewater collection systems to the requirements of CE recreation areas.

This report presents a summary of design criteria and standards for the con-

struction of low pressure sewer systems at CE recreation area facilities. Tile

contents of this report are intended to supplement existing CE design guidance

(EM 1110-2-501, Part 2 of 3).

Organization of Report

6. The remainder of this report is organized into six primary parts gen-

erally described below:

a. Part Il. Part I provides a general overview of the concepts and
planning criteria for the design of low pressure sewer systems.

b. Part III. Part III presents a detailed analysis of various
design flow development techniques and provides currently avail-
able information concerning the wastewater generation character-
istics of various CE recreation area sanitary facilities.

c. Part IV. Part IV describes design procedures and criteria for
construction of onsite facilities associated with low pressure
sewer systems. These facilities include onsite pressurization
units as well as onsite piping and appurtenances.

d. Part V. Part V discusses the design and construction of the 0
major oftsite facilities associated with low pressure sewer
systems. These facilities primarily consist of offsite piping
and appurtenances.

e. Part VI. Part VI presents a summary of planning level cost esti-
males for various components of a low pressure sewer system.

f. Part VII. Part VII discusses the applicability of low pressure
sewer systems in CE recreat ion areas and presents a general sum-
mary of the r-eport.

6
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PART II: GENERAL DESIGN CONSIDERATIONS

Background

7. A gravity flow sewer system is usually considered first when water-

borne waste disposal is to be provided at a CE recreation area. Unfortunately,

unique site-specific constraints found at many CE recreation areas, such as

topography, geology, low population density, and intermittent system use, dis-

courage consideration of conventional gravity flow concepts. Pressure collec-

tion systems using low pressures provided by small pumps to assist in the col-

lection and transmission of the generated wastewaters have been proposed as a S

solution to the limitations associated with conventional gravity sewer system

design.

8. Pressure sewer systems are analogous to potable water distribution

systems operating in reverse (Kriessel, Cooper, and Reyek 1977). A pressuriza- S

tion unit is required at each point of entry of the wastewater into the collec-

tion system. [he collection system eventually empties the waste into a larger

pumping station or wastewater treatment facility. Because pressure sewers

transmit wastes independent of terrain constraints, they are most commoilly "

used for lakeside communities where tlow must travel uphill, areas with very

hilly or very flat terrain, or areas where excavation is hindered by high

water tables or rock formations. The primary advatalage reported for pressure

sewer systems is the reduct i on in excavtion and pipe installation costs.

i'his advaitage is somewhat oftfset because of the -onstruction, operation, and

miailtenadllce i,)sts a ssoc iit ed with the instaillation ot PU's at each servi e

ofirleit 1 oi1.

) Positw i t presire sewe r syst'm:o el iinite the need to loiv co I I o ct 0o

s ten ,)p I t : i t t br ,. ) i c gaI-,,] I lines and11 the ieces; ; ty I or i (t rn,,I i-

,I t , pillip i rg stat i that i o L lidL i re o t t 'on,, 1.,t ,l wi t I I ( ,lVt-l1 I oil. I ,g I I (o i-

If, t (o1 Sythus. Sii let ,i d iwtL v,i IiVf hi, (It ( 'V(" pip,o i:iiht

tr li 1 r I jtv - tim s d ', ,,i wic V t( . ,f[: : I,, I t,.:,t , I- . n~. .I ,,

40
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recreation area use; however, the actual size selected is a function of the

design flow of the system.

10. The use of relit ivety small diameter PVC pipe with solvent %iw!ded or

comlpre ss ion jo int s the absence of manholes, anid the l ow-pressure eniv ironmen t

Vil-tUall's eliwinate infittrat ion/inf low in pressure sewer systems. On the

other hand, because, of the small pipe sizes, pressure sewer systems are more

suiscept ihile to lvdraul ic design errors and mai~y have Ilimited capabi litijes for

expans i on. As ,res iIt , a mo ri de ta i l ed I sses sineri t o-)f sys tem requ i cemen ts

s hoti t d be coriluct ed dur i ii theit pltaninirg and 1.)relI im i nary des i gri pha ses i f ujse

of a pressuire sew"er systeml is sce ~cted for .m particular si tc

Sy-stetolioneits

tesurtS~ti :stes hve two has it componients: of fsi te small-

jantor ;ros':S'II I A l k-tor!; and Ili oniite 01r'sSu-rizatioii system.

t t.' lh ')tr S

- . St ,il t lks i i It' '': .I oressii t, sci,'e r sy'stemi is

: I i t.' I*-Jt' j t'i11i1 t - li dt.vI op tiig t he 1 1o ltalI s\'St eilIi Las-

t 1 f L !1 J I I 01 t Lt'flijtt to Ili ii tnt to li, e tlenqth ot the reqo i red sewer .

SO I. ci 1'' 0 ( W i, * t r-, t li,-i t jires 'o.re, sewer sys t vias car) f o I Iow a

I.1 1 t . thlit !(s ~I g t" ; l s muciiv ' I c a t er la t I t ilot in1 'levelI op i rig,

t11 1i1ltI t F L'- 11' L Ir r i tuCt in ()I 0 S t p)e r li ea bitY 0t alISo a (ows

I.' 1'5', i Lv [I it s tm '1 des i glo.

I - It %ti t I)ri' :shoii I d w h (- ons idertl i I'dve I op irip, a preI iflin na ry

!I '' i ' I I il)t I()It

t Ii1 1)t I k i'isir' its I 5 m il uli~ -o te

V. 'tri 1 m I I i Iijtt I

I* po I t t''(

111w .11i 1i oi



requires knowledge of the number of visitors, types of facilIities , adf( re-

cloredl peaking factors. [The average daily f-low from a fac ilitv is calcuilated

ais the product of design visitation and estimated average daily wastewater

generation per vi si tor. The design shoUld be based on the peak vi sit ation day

es t irra ted f or t he f ac iIi ty . Ali add i t i oria I pea k i rig facto r mos t be app I i ed t o

dete rm inte pea k houlrlyV des ign flIows f or p ressu re sewe r sys tem puminrg un its .

51. Ove r thtic yea rs , su rp ii s iuriglIv littIE(tle de i t i ve gouidance has been

levelI oped conce rinrg wa te r usage and was tewatLer generaj t 01o) a t re. rea t ion a reas .

l" ranl ngu(S and~ G reeri ( 1976 ) i lives t i ga ted watLe r use a rid was stf ewa te r gene ra t i on

ait t he No rt h Abutmen t Rec rea t ion Area , Arkabut I a 1-iake, M is s iss ipp i. Ta blIe 8

s (llia r i Ze S a t ewatLe r ) rodIfu ut i on at a CE c aiiip irig ar ea .

52. A mnure recent Study (MifI s 19 83 ) i i iv e st i g a t edI wa te r u sajge at tLw o CE

ru I rea t i onl ireas onl iree rs Fer ry Lake nea r Hleber Sprinrgs , Arkansas . The study

~ii1 velwater usage at toilet /shower fa cili t ies. Because of data colIct ion

iet i ren( ies , the study only developed a ranige of per capita water usage.

Ave rage da iiy per P i t a use was found to range be tween 5 anrd 44 galI per dlay

depenling Onl thbe season. F-igure 9 ill iistrates the average daily per capita

JPK jA',[D ON IYOUN CAMPER, IN CAMP

A F A ZF AND CAMPS) I&S Y7-Y 14

HF R SPRINGS Bp441) ONLY (N CAMPERFS
IN ,AMP Alf A F

JC KI in ii ii
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2 C-)0 'iO 750 1000 125C, 11-90 1 /5) 2000

NUMBER OF FEV'LFS

figure 8. fxture units fOr a femiale bathhouse

i'i iu ti imate of the miunimumn number of f ixtu res requi red based on the

Wniil' .t camin irg or pieni sitLes.

+.When using the fixture unit baSss, the engineer or planner must W I-

1w efl, ,qpv( ta features such as trailer hookups .ini wastewater disposal sta-

15, wh ih lily bc inctluded inl the per capita use rate but which do not appear

when the f ixtu re uilt method is usedi. The enlgineer should aliso realIi ze that

I&~ rixturp uiirit rate, presented in 'Table 5, is an hourly rate generally used

t"- Ptmate tot al daily flow and may not be directly related to fixture units

ac- usuiall u sel in p1 miiiiblg codes to determine pipe sizes. Al so, sonic caut ion

sleuiild al so be usedl iln applying the fixture unit basis since it is valid only

when fi xt ure s are properly p ropo rt ioned to user popu la tion . Areas where use is5

limitell arid mnimumlill fixturec I Infort stat ioiis are provided can indicate several

Itioes the actuail requi rerienis if the fixture unit method is followed bl indly.

Per Capiit a Use Method

T9 'he Ier caii) i ta is', mevt hod o fd a Iu I a t i ng des i gii tflows i S ha sed oil

t ho dvve]'J~qint oft a la i Ily wa ter iS,' or wasterwat Pr geiierat in rat e for ai

rec reat ion area vi sitor. The per capita use method of design flow cal culiat ion

22



141 
1

12

z k
:) 10

-8
U.
0

4

2

0 250 500 750 1000 1250 1500 1750 2000

NUMBER OF FEMALES

Figure 6. Fixture unlitS for a female comfort station

12 T

101

:D P

o

0 250 500 750 1000 1250 1 ,)00 11,50 .AOid

NJUMBER OFh MALES

Figure 7. ixt.ure UECits for Jia AL n ItILIIOiISt'



200

z

0

0- 30 -

20

-. '. ' 00 :01 3 L 1 OC '0U3 t, 3fl3,j .u

*,~~ vt: Li b&isc~l 0911 Lotl, valutic of

L L;~tr 0,1 L.0L 1)i'

.1. IL.' i-tk i iLiti )), d I

V tdcS J l sL 1, L k'it L thL i-Ii 1 i:1uM~ HI1;lb('V uT Ii:-'LurLs reqtIiuc.d of)~' Ut he tllS

or u:'1 0>~i~ or 1) c 1 Lus

120

10

-D

ICSp
2

25030 73 O 15 50 1 20

NUUE 4FMAE

iiI 'r il t o 1ma c c lio t ; d i l



PART I I I )ESIGN FLOWS

B,jh kg r (.' un, I-

. Ie ira r dcs igI a:ol''ter" for owrf pr SIss Ir-t' stewer svs t(':, is th1

I gener late d bv t ht type of i e i I It %, and the [i nunber (j I ,p ,,p I,' ,in r19

r'.v I tv the s',s teui . l .i I esse r degree, , soIIt' sonic , om, i d itol [slls t ;I ISt) t

ti" V. rI phys . 11I . iri d thei ( i i ( o l it ti -nt S r t Ii 1 d iin tLte ;.t '-

V.. t L . v,.1t t'r isf .e r t es * watsttewa Lter produc-t i (i rates, ,ill(] wastewa-ite r c'1.ii1ac-

t Ir iz.:t in d t l hav- been we, I I docimerited for dloimest i sewa ge geritra.el roil)

toh' rin i ip.r I -vivi rOillcl it These data, however , are nIot weli doculmentel for

Wis te-gerler t In tti lit i es si( i) as those f ound in CE'. rcreat loil areas.

4 . TIe r' a re tLwo as ic approaches to dete rmuuininrrg sewage flow rates

I .,mi re (,', t ion areaS: the I ixtuire unit method and the per capita use method

IIt f Ic ,, c (I ief cf 1rigi rieers, 1980). Each of these methods has limitations mid ,
',hilii dI hc isid with eaut ion when developing design flows for recreation area

li,. pr,'ssuirt st'wcr systems. Detailed procedures for the application of both

l(,th,lts ais .,t.I I as design examples are presented in El 1110-2-501, Part 2 of

( fi,', (hiet of Engineers i8(t);.

ixtllre IJri t Methodl

h fl i;cf tI L ' I l t ruI IIt o f ,Il Iclit infig design flows is based onf the -

, vol ruI ii-Tt , 1 .1i holl 'y is ' l te I i (I'.,ihI tyl e o( f f ixture proposed for ill-

I, ho I , itri se uthut f 1k! 1gli fl w clctlIationl requrli es kunowI-.

,, imin :- i f l -xtiil -. to (' le i reT- l I ,( , t t' type' of I xi xt uIres to te in-

1 1, r, l ' 1 ti 'o i t' tf 1hi" .tt ,hI' I i t I I i t I 's .a rt' de I glit'd

t I f- 1) lluisl I 1)7.2 t' 11111 er o
* . r ' i ) , i t , J t ' li . '.. :> . . [ ' [ l ; ; ( f t i~ ~ t i l i ln ! r ( '

.1 ,. I'. i.t , ' l. , il '' i l . ha l (! ' i ' 4 to 1,t1'i1 ii . ' t ."I1'')

''i .1;. , l , it . ,i i iil' ' t t Ii tt ii ' s II I f I t i'.' o f I 11 1 cii .

f I h i

,. ,, I I -4 1 1 t I

l; " ? .. I t '" l li _ l l'l ll ,' I 1 1 !" l l' i~ t i ! ,l <! l t'r lfl llt ll lll li t lll lt t \' "] li l



warning signs along the sewer route, off set markings, and inductive wire

burial with the pipe are effective measures in eliminating pressure sewer main

breakage and reducing repair times should breakage occur.

Su'lua ry.-

42. The previous sections of Part UI have provided a general overview

of the basic concepts associated with the design of low pressure sewer systems.

Although the design of a particular system is site-specific, there are certain

aspects ot the design that are common to all situations. A basic sequence for

design of low pressure sewer systems is presented below (Florida Department of

Environmental Regulat ion 1981):

a. Dttermine required data for the planning area including the
location of buildings to be served, types of buildings to be
servd, population to be served (present and design), water
use. geoteCrical data (soils profiles), ground-water and sur-
iace ,at'c characteristics, wastewater treatment requirements,
cl m. , anl topography.

1'. , [,pi 't tJie ,, a te, and local regulations that may be appli-
(Ac I t , the :; Le.

c. Evaluatt' alternative treatment plant designs and locations and
choose the most cost-effective.

d. Prepji-e a preliminary layout of pressure sewer mains based on
minimized pipe lengths.

e. l,(cate and determine minimum quantity of air-release and
pressure-sustaining valves, in-line and terminal cleanouts, and
main I ine shut-off valves.

f. )etermtne design flows.

. Pert-orm hydrat,]ic analyses to determine pipe sizes, transition

point s, in(! valve .i clieanout locations.

h. Ai.ilyze alecr nat ,we onsite c'lplcOIllents with respect to the
pressurization unit , coritrol arid alarm equipment, cont ingency S
plari ., resilual! i;posal plan, arnd capital and operating costs.
,'e ci mine the m, ::t ,st-{.t I trve, generic onsite system.

1. Prcp.trc detailed plans .inid specr f ications including operation
irtld ia) tenai e plan> for t h" proposed system.

j. Review plans anid specitic,t tis with appropri,ite approval •
dgenic i es.

a4. he ,thove step-by-step pro(editre helps to ernsure that the proposed ..

systems are efficient ly designed arid cotistructed. In addition, the develop-

merit oi tfie prel iminary operatjon and mairiterarice plan ensures that the system "

is bot h operatl e arid m. i ut i nabli e.

18 7
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Component Recommended Material of Construction

Pump impellers Plastic, bronze, cast iron

Appurtenances Plastic, 316 stainless steel

31. Electrical connections to the main panel should be constructed in

accordance with appropriate electrical and construction codes. Approved

underground wiring is recommended for both pump and control circuits. Sepa-

rate fuses or circuit breakers should be provided. Control systems should be

located in full view of the pressurization unit and placed in a lockable

tamperproof and weatherproof circuit breaker box. The pump panel should have

a smaller fuse or breaker than the service panel. The pump motor connections S

should be watertight.

32. The potential for power outages at CE recreation areas requires con-

sideration of reserve holding capacity, either in the grinder pump wetwell or

the septic tank in the septic tank-effluent pumping system. Depending on the I

site, the loss of power may not be critical if the water supply to the site

also terminates when the power fails.

33. In those cases where several facilities are to be served by the

pressure sewer system, consideration should be given to the use of hydrauli- S

(ally similar pressurization equipment. Use of similar equipment will sim-

plify both design and operation and maintenance tasks. Spare parts and equip-

nent inventories should be maintained based on system maintenance experience.

No guidance is available for recreation area facilities; however, the taDula-

tion below provides guidance on systems serving residential developments.

Pressurization Units Number of Spare

I ns ta I 1 e- Units Required

1-10 1

10-20 2

20-40 3

40-60 4

60- W0O 50

I 00-200 0

.'2O 3% "

34. Tht, tlvpal CE receiatlol iti sJioild have one spare for each type

of pressurlzat lon unit instai led. AIddit nal spare parts requirements should 0

bre levelonpe(l based on syste'm operatinrg expritelit(e.

15(
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26. Serviceability of the onsite.components is important to both mini-

mize the time lost because of equipment malfunctions and to keep the cost of

inspection and maintenance to a minimum. Quick disconnect features are recom-

ljnicded for both piping and electrical connections so that the pressurization

unit can 1:e quickly removed for inspection, repair, or replacement. For shal-

io wf.'twetl installations (less than 3 ft), a simple union arranigement is

often acceptable. For deeper 'etwells, slide-away couplirg arrangements with

slid ta , and liftlug chains should b considered. Completc packages are

pner.i llv employed which incorporate simp lifived removalI arrangements.

S !ety problems associated with pressure -vwvr v'-'stems in CE rec-

rt'at io arneas arc gtntral I r t'eated to the' prt e t ion of tht visitor and main-

'ullint.ce pJ' rs.%nln' I.

28. 1 ite ti i:h,- :i, , e I ut',m ,'mmt li( ti -I . s th at of ini, tt tI-'i zed ac(icss to

tht pr ''snui- iitn r unit., Iis I ttU iii tAn h" ii icv''.itt' b.,y I ri,,rporating a

lot i r min liIi( ha is r ,. the i .t,,, I vi, vet i I \ ollt !i ri/zed Il, tilt eiiance personnel

;hoi! d te it e to c,!,., if) it o'ss t u the 1.i 1'i ." it I o I lin t t

2'. i ttI td, i n (i ti. iorll ' 'i t , ,,-us idu'n-t Iriis , i,a iiLit'nflce personnel

sil ',L be 1 t,. c :ic ' rlv .w.lr, o1 Wh . lwtot iit lii , ta Ils in dee'p wetiwells and

thn a'.ttiiinilat ion oft toxic or -Xpiosiv g.i'.t''. 1 ini th wetweli. Proper venting

of the w ''eoi I c(ih '1itni'Si /t' thi I tN tlit ial , r" itiiuiiulation "m f hazardous and

poteintially explos iwye gases. -ie-geri y tprssuiu reliet devices should also be

icrporatd in the design.

30. nate ri.ts of constriiction must te cip. lte ot withstanding the envi-

iniLtal ,ondittons of service. Grinder pump systems are generally packaged

by the miiufactur'r in such A manner that these considerat ions have been incor- -

prrt'l At the factory. Septic tank-elt iueMt pimiiping systems are generally

lically d'sigried and field erected, thus requiring the designer to be more

cognizant of the highly corrosive nature of septic tank effluent. All compo-

nuht sL of the septic tank- e flu nt pump ing system exposed to the atnosphere

. :,l to' hji0lt!v r sistarnt to ,, rrosin. Miterials that have been found to be

li! I ,, ir' l,,ii -- ' t olnlur(,lic ts Are listed below : 0

1tip ',in Ii Recommended Material of Construction

!I, , I i k .,It I , k" ,-Il I C,,nicr'ti-, plastic, coated steel

A V bruze, plastic

tlmint tn. l. Cist iron, plastic, bronze, coated cast iron
(Continrued)
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designing pressure sewer systems are similar to those of conventional gravity

sewers. At a minimum, the following information should be developed before

final design (Peabody Barnes, Inc., 1977).

a. Topographic map of the area to be served.

b. Site plan indicating locations of wastewater generating
facilities.

c. Geologic conditions including soil and water table conditions.

d. Location of wastewater treatment plant.

e. Types and capacities of wastewater generating facilities to be
served.

f. Climatic conditions (frostline).

g. Location of present utilities including sewer systems.

h. Power requirements, location of existing power sources, and
power outage data.

i. Applicable local, state, and Federal codes and construction
criteria.

j. Type of system (total pressure or pressure-gravity combination)
and proposed system layout.

23. The major capital and operation and maintenance costs of pressure

sewer systems are usually related to the onsite pressurization facilities. 0

Factors affecting onsite component design include:

a. Type of pressurization system selected.

b. Single versus multiple service.

C. Location of the pressurization system.

d. Alarms and control systems.

e. Aesthetics and safety.

f. Component serviceability.

g. Materials of constrtction.

h. Electrical requirements.

24. The first basic design decision is the specification of tile generic

type of pressurization unit. This decision affects the remainder of the sys-

tem design. Unless local conditions preclude one of the two primary alterna-

tives, both the grinder pump and septic tank efflient pump system should be

evaluated. Table I presents a <qualitative comparison of the two systems.

25. Economics tend to favor miIltiple services per pressurizationl un it

if the sources of wastewater are within reasoriaible proximity. The cost-

effective separation distance is a function of local cotistrrictioi costs and

system design.
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CONVTROL PANEL W H!GH LEVEL A LARM
- YObN TED OlN SIDE OF SERVICE L OCATI/ON,,

VAL'
EXTENSION

COAICIETE <~LIFTING OVERFLOCA' P/PE
COL 4RCHAIN

SER VICE LATE A T Q
FROM SER VICE L OCA TION

HIGH EVEL LARMHOLDING TANK
HIGHOLEVEL ALARM (MA Y BE CONCRE TE, S TEEL,

FLOA SWICH IOR FIBERGLASS)

F LOA TSWITCHES

hF jf iKII 2. lyp(-a I grinier puip presstirizat ion uit i nstalIlat ion

2 1 .Sept i tirk el f hi ent punp ifl systems . Sept ic tank-effluient pump ing0

L~s (,ills ( /ls I " t f I c/)ivli t Iji sept i t ank , thle ons i te pressuitr iza t ion uiit,

.it~ t hfit, I I ( t cI olVS11 t Iell IiIig ni thei sept(i c tank-e ft Ituen t pump ing sys t em

,- i Lt-witLrs .i r I, Ic(t I'd Ic. the hi Id ing seker and transported to a sept Ic

Ink. 111 pr",u Itr1/.t 1i il i t nay'i be I)lIact'd e it her i ns ide the septi c tank o r

I dc tit, '-pt II t Ink i n i tparjtc st ructure. Figure 13 illuIistraites a tvpi-

I,!ept I L.ik~ twit pump ig syste viInsta I lati on. 'The sept ic tank pro-

Ii f I 1u 41 t 1illt h.-vt I f t rea tmen t by rellov i iig f rom 80 t o 90 ie rcent o f thle

"0 ti) 'M) pt'r('T i-t I hei ,ssttidcd sol its , arid 50 to 80 percent of the

h i twilli, itI 'vg-ni It -mi.t id M fl)1) K kr ieIss'e I Cooper,- andil Revek 19 77) 1 n



sstem. Two basic concepts are availabtle for pcressurizationr uit design. The

jirst uses a grinder puLmp) 'o g,-ind the wajstes tinto a si arry and then puip) t he

I urry Lthrougtt L he pi p )i rig \st emt .Te second concept is thte sept i tank-

of f 1;tent pctncp I ttg ',\'Steic. !'fi sept toc tajnk-e t f oient pumlpinug system concept

emnplovs a -,op! i tjl tci~ oy tit.erohi c tceri'ttentt indr remotva I o f gros s solI id(s t rowt

the astw~ttr piI to L(' it of t he wa stes i ntco the col1lec t ion s ys tem

w i tc sma I I c-(:jt r i fua 9, 1 umps .Figure I i 11 ustrates the typi cal components of

a presC-sure sewer syvntom.

I'vr-OL %[ AND LIO0J'CS LEVI A/LAP'4

11 A' I I PI Pt F 0R E F RSUESWRVI

BL-LDING SEWER

*Figure 1. Typical components of pressure sewer systems

"0 . (rinderpmp_ systems. Grinder pump systems usually consist of a

hoelding tank, tho grinder pump, associated electrical and mechanical appurte-

nintes , buyi Id ing sewer, service l ine, and collIection system piping (Hfydr-0-

* Mati Putmtps 1978) The grinder pump is installed slightly above the bottom of0

the hoelding tank, which may be located in a huild~ing basement or separate

st rj t trk.. The holding tank receives wastewater Iflows by gravity. Level

scitsors act ivate the grinder pump operation pump at preset levels. Emergency

40 overf low aid high water level alarms are also generally provided. Figure 2

i I istrates a typical grinder ptump inistal lation.
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at high po i [its, and~ poss it) 1to s ipior I rig eft ects, o)n Ilpiip i rg tirli Lv Irhotv li.. rue:

Inc. 1N77) Pos itive UIII~tsra ht- tricl Iit i 1te htir'iigLi te ()Ie p-l it Ik

P restire reg Il!at in.g valIves 0or bV lo 0 H, Ig t !e syste t lLe c)I I I, I I., it t he it's

)o in fit thle system.

I) A\ir it " k !i1,ili1t 1i i11t Sst i It rig; J, uI ill 1h n vc I ft jItrI l ita ofI

of1f i ilf cCd , (iti 0f p05:-lrt 0%i,1 t-:V t i.' . h I'( vwlw I- I It i i it L i i t hc

s t t -[! c ri f it i it if ii z,l f I it f, i I ' g h t > p .

ir c i s e -I . prof t f it111 'r,~ir ~ .~ iu i Ii

ItL s y stLein i ghI fits kr t uug'~ r I Li~ Waett 'I L lo% It ri crI

ma inta incd , s511W' orn 0~i of 1) 1;it Ie v I I r Ire IreIt it jira I or hItIgh po IintL slroil hed!

pt ovidv. l yd: -UJ-Mat i c Ptump,; 1 9 i8 .4

I 'The s elIe ct io [ o ! air 1 ,1 ) i pi ! ct lir Izo i t a I alt grinient for- th vj r-i

1)io st v 11 re ;srIt rt, ,ewer slstLemn p )r ma ii v aI tuiict i on o I t he I oca-, t Ierri of at

t ies to ()ie served . Th,, n iIlia (1CK recreat ion area will havt' a1 i ini tced iimler

of fa ci I Ii ies tou be userved w.hen. Comipa red to a res i den L a I deve I opmeht [irs I rig

pressure sewer systems . As a re sr it t, system a I ignment shou n 1 he s i ilI. i fI I'd

17. Res idenitialI appl i c at ions of pressure sewer syst ems hiave been Irascd

on, ei ther dendri forni or grid layouits. DendrilIorni lay ,outs usiii 11 I repr i re tire,

least amount of pressure sewer main const ruction ; however, anyv darmage to the

main sewer interrupts service to all uostreami connect ions. Grid I avorits over-

come the loss oif service problemis, but result in uneven flow patterns whi ch

adversely if feet scourring velo it irs .ind thus nrav be let rimnrrtal to prloper

I unr(t i on i ig Of t he SVS t err .

18. A u o l )r o liti s c t o #,titer- ten r fi l'orrir ort grid lavot has lo t ii t lit

iluistereif feeder' -ipp)OAc If , %dhere h;riIlrl:.rniclel systeius service run It i p1e

( fi e ct on , irnd teecd inOto .I i i I if Ler I t fi s (It-, rf le 11 1e 1ie 11 'a i I li

*t, leerk v e iS mIor T rh k 1 to fr I t 1. r i i tht ))o prtrI II -( Ia luterLtI if i l iti htreik-

. g c -is nj t lots, woo Il f r-ri f Ih1i is 1i t'h11tir 1 li d ildrI I o:-ril I t A

redin( t 1 '1i ii th rIrirrf 11'f1t I ilt I , Jit - r I viec .!toirrlpt 1 ils .1i als I l

aI Ci isp I ie d byth e > il, t 1 ' i - Iir t I nIe itt wreil I , L. c' f lito

6 orlllt ,I- I Iric %"II dv ai l , It ,I I ,I ( tI~ "r heix, ~ i evtr tI n trl h

1i it 11 esorirI t r or t vs t u 14 11rk IIt
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water consumption for the two sites investigated. An important ispect of the

Mills study is the development of hourly per (api Li use rijtes. [Ihuse I at (s -

ire presented iii Figures 10-13. 4

513. li, :dit ion lo the Ftimiiri nglie's .1ld Green (1970) and( '1i1ls (1 981)

studies, van jells other sources of giiidani. onl water list, n rilcreat ion iieajs

.1 biv I cl. Table 9 presents bhas i iiforma1t ion for the cii rulat ionl (A

dily i per capil .i w.istewater geniriti in ritLfs . Ihe 1 iiaiit ities proseritn! ; i

lab] e () ircc %%i th -ater usajge Va] iiis retort t'd (ci \'acioi( CEcr i' I i

Ilaules Ii liii 11 11a.1 'i1st) b. used as il':tiajguidanfce whete S .t 5p'(i I fi c

di i-e ; ~ .)v~ii!,able. It should be refmembered thiat Ii a zeco ifitilti it Im

* ' :tr, :hCh is, found ill low-pressure sewer svyst ems, sater usage liiav I-

ii t j up t o 2i0 ) er ce I t t) oIetec rm i I i c;, a -.i. ag t i iI y va stLewa trcI flI ows.

F S t I l t. i ri g v i 'si t at Ion s) anic)the ir i Iip I) tarIt ka r- abl Ie i !i tO h 5 c 0

tlit, 1 r Ip it i imi -t h od4 f or gen Ii e rat I oi i o wa-js t twa, t er IFlIows . AlI though Vi S1 i t lol

*ot I iii.it i onIl is mlo re a i Lt thau[ s cieji ce , s t a II idard i zeid te ( Ii ni pi e s hak b 1)ee n (I y ve I-

op-d I shon and Wyat t ( 19 79 )) O poide' generl guLar (,nte( oii k a I crIi Lat i it tenri-

lint i it C.F recreat i on areas . Resea rch i s current I y under wav t o ui dat , iaol

s tmida rdi lzo aippropr ia te procedures For ex ist. rig ri'c-rea t i iin a rejs , m.c!i ri

mit t ( of Ilo i(-,gil popti Ia t i on e st i na tes ca n be of)t a neid Ifrom ciir rc i t v i i Li ion

iroords .For piroposedi faci lities , the visi tat ion rt'roi Ls of COIIIIrabli' rec(-

* lolli a reas111 at other projects can be reviewed.

5 a AlIt. bough t he pe r capi t a use inethod f or gene ra t i rig wa s t ewa t e I I It

a; boomr v-ery ipJ o ar , thfe met hod i s mo re s iii toil f or es t I mat i rig ave rijge or- peAF

laIIv I 1 o': rai t tier thla n t li pea k III n[LIte o r pealk 1101 r I v f lows reqi red f-ori

pr-opo' des igi tof pressuire sewer systems . Thel( I Ixixtre uni t imethod (of decs I gn.

low es t imat loll1 piroy i des a bet tor es t i mate of the peak lion r Iy f lows nieedeid I I

* bdos I gn purpioses .However , thte per capi ta uise imethiod can be iuse'd is a geruer- i I

itieck of I l ow projeOct iLoris genierateod by thte I i xtire- tin i t rieth(od to crisii ro

rI-esorlah Ii' t ost -of f o(t I Ve des i gins

Personii I touni it iori Jarinaj ry 19)84, R. St ut t J.icksori Ou~itdoor H(i'trvit ii

Planner , U S Armry Enugi neWaterways Fixperimerit Stit I oil, Vi ksluirg,
Mi ss i ss IPPi
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.i-, I 1 ' ' I C 11. II.I k . It NS, : 1 1

Ii,. ta t V li:>t IIII t i )t alia ltildes those Ifajc I'Ilit 
",  

th;lt tli.t )c

sis 'ct,4 ia, ,'li. tl eIv al aIit t lI)t L'' tt f ' a11t of t Ia st,. t f r 9en I ratio)[I. In

1 '1ad1 iotIa I p' r l S i re sU t, tI - cou(-n t c ut - L I il iota (I t Lte t owa rds 1 rv iiJ ig se rv ice to

I ae I df -n[I", ' , [I s Its C "c ) S c t t(. t s t it l aor t , i t t W faI l t cII L es t 1l1t a rit c' ' .It route d

i)ll the I iud iv dItal )cro)ertv o0wner lot . T his definit ion is riot suita-,l )e for

a ii) 1) 11ca t iona t o tIt e c Ii St. ra1ct i ol o f prsFstr(- s ew ers at rec reaL i ol a1r-eas; t here -

f ore, a solnlr'hat ati I ictl efint it io must he developed. For purposes o f this

s;tItdv, onsie tac Ii Lv construct oil is defined as those facilities that must be

wistrtuctled ['tweapn the- point o i ,,;lIstewaLei generat ion atd the pressure sewer

a''.1 in. S, feci Iik. lIv, onsitt, facilities include: septic tank and/or wetwel 1,

r lr rssariz it ion unit , service connect ion, and all structural and electrical

Aptlirtenitces thereto.

septic 'rnk and Wetwell

I i t,

ntI tanlk. ScIt nc tuak sizing is normally based oii a speci fied

I . 1 tk t a,,l itf ,.,sta'watert low. Detention til in a septic

: I ;Itt III itI ,,1 I ) fhr . Whria sept ic tanks are used ii coiiju cti iou
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Fi gu re 1i4. VolIume of septic tank for various design flows

59. In addition to the additional volume required for sludge storage,

it is also dlesirabl~e to include some reserve capacit-y Lin case of pressuriza-

tiori unit or power failure. Figure 3 illustrates the freeboard within a septic

tank that is usually available for reserve storage. Additional storlge can be

provided if deemed necessary.

60. Wetwell. Wetwell sizing is normally a function of the wastewat~er

generat ing fac iIi ty being setrved, pressuriZat ionl uni t livdraril i c ( liaira( torin

tics , arid des ired reserve capacity. Reserve a.'pa i ty is thet volum b -l iv.jiilo

(or storage between the elevations of the high water a Iarmi floait switch and

it,- inrvert of the( overf low pipe. vyp i cal wetwetl reserve capac i t\ t or a res i -

'l1tia istillat ion is 50 gill. I-or recreatiron arcia appl atr:.i'cv

capl) i tv requ iremenits (can be est imat ed aIS tit( p r(olnct of tire, hon i -V.is(s'it'

gent ri ti 'or rate andi the Icnrgt h of L ime that i t w ill t ike to repla I .i0 . :1 russo r-

i/it ion uni1t. A I-day (8-hr) holding capacity is usiiiIly st itiint.

St ructura I destiri arid miaterials

01 . St ructural (Iesig[i 'The st ructril detsigri of sept it t -inks, ist ,I]-

s i de r so i I Iloadinrg resir t inrg f rom the i r but i ed inlst a I I i~t i oi, livi is t it i
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loadings that may occur because of high water tables, and external loads that

may result from vehicular traffic. Loads on septic tank and wetwell walls,

floors, and roofs should he evaluated. Septic tanks are usually located in

areas not subject to vehicular traffic; however, a vehicle may occasionally

pass over the tank and, therefore, the septic tank roof should have sufficient

strength to resist col lap:;e. All septic tanks should have an approved struc-

tural design.

62. M-aLerials. Prefabricated septic tanks in standard sizes are avail-

able in three basic materials: concrete, plastic, and steel. For larger non-

residential sizes the choices are probably limited to concrete or steel.

63. The most common material of construction for septic tanks is con-

crete. Concrete septic tanks should be constructed in accordance with recom-

mendations of the American Concrete Institute or an approved equal. Concrete

has proven to be a very durable material for septic tank construction. Weibul,

Straub, and Thoman (1949) conducted a study of 150 concrete septic tanks rang-

ing in age from 0.5 to 39 years of age. Of the 150 tanks inspected, 91 percent

were judged to be in good to excellent structural condition. Corrosion at or

above the water line was found in some tanks.

64. Septic tanks are available in three plastic materials: fiberglass, S

polyethylene, and acrylonitrile-butadiene-styrene (ABS). Fiberglass-reinforced

plastic is probably the most common. Fiberglass septic tanks should be con-

structed in accordance with Amerian Society of Testing and Materials (ASTM)

D3299 or International Association of Plumbing and Mechanical Off icials IGC-74

as applicable. Wail and bottom thicknesses should be determined from a struc-

tural evaluation of the most severe structural loading conditions. Because of

their light weight, hydrostatic loads are of particular importance in the

design of plastic septic tanks. Tie need for antif lotation measures should be

specifically ev a I mted for all lp , i stic septic tank installations.

65. Common carbon steel with coal t ar (poxy coatirigs h,s also h'n lised

for the construct ion of both wetw( Ils and septic tanks.

h6. "he" impact of corros ion on the materi a Is used for sept t .ink ind 0

wetw- I I y tI st ri (t i o may Ie sign I ca it. The mllt erior slirt a ,t's of sept it

tanks irev sub1).je-t to c rrosIon r om sev erlI soIrt es, As, was tew.ter is re-

tanemed in the septic tank for long periods of time, ,xvcm'l is 'h.pleted and

anaerobic conditions develop. Hydrogen smiltide gelnerated mInider these contdi-

tions is relieased within the tank. tacterial orgni smins imn moist interior
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surfaces convert the hvdrogern sulfidle .in o sulturic acid which may atLack the

Material used tor Oinstriict1(Ot).

,7. Var , is materials have beteni ippl red to the interior surfaces of

spt ic tanks; howe.ver, many of those- have shown little :,uccess in reducing

, -on i. torrosion rot oct ion j mI oi4 important in steel sept ic tank con-

t,t iL it ion I han In C1 1TO ,l:ON e - r pla tin tanks. Prior to fabricat ion, the

,tc hl shi s. ltpiaste, : -;ioitlilastorl to a -white metal" linish as recom-

it ',,t l by tie LiWc t :i itata i paint iW spr' i I icat io, SP-5-63 or NACE''2. After

tcatinig, liI'iat nil, is ( t oo, ,io And spot re. W iniNg, the st:rla.e mrust be

* di lo- Lt' xi-ti i n ,',An r .c,". Coal Ll A i -pox or hi th iinous products

ic i I on all 1 1iii i n -in- or two- coats to a drv filmi ti (P1)0 of 8 ni Is -

.'; . i, ll t ct !1 y :, , , ,. iu ed in coti l.. t ion .iLii ste l tatnks. lagrre-

'I:,: wilt sIIA .t\ii -Itsr-i S ior 'at iodit p -(Jt ct'Lionl.

t-. iN add n oi cotr mr , onsiderat ots, fiberglass has been shown

, mt - ri-ratle t ! o uoistuii .i cki ng along the Plas.s t iiers should the edges

i,-,m- --.p,sed to minst re. Wicking may be r duced by application of resin-

rich nat g or gu-' coat to all surfaces.

6. . Saptic tanks shorld be insta2 led in accordance with sound engineer- 0

ing lr, ttc. The excavation backfill adjacent to tire installed septic tank

shioli be placed in 6-in. lifts, moisture to be optimum, and compacted to 90-

perntL relative densitv (AASHTO T-99 or T-180 for standard and modified

prictor). Stones or debris having a diameter of 4 in. or larger should not be S

in- Iuded in the bar-ktill material. Backfill in the vicinity of the septic

tank inlet and outlet piping should be manually placed and shoutd consist of

crushed rock or washed gravel to a depth of 6 in. over the iilet and outlet

pipes with the remaining backfill placed in the same manner as that adjacent S

to the septic tank. Septic tanks installed in soft or yielding soils should

be bedded oa, crushed rock or gravel having a thickness not tess than 6 in.

For particularly soft soils, a foundations analysis should be performed. If

the area is subot to high ground water, i.e. ground water above the septic 0

Lank floor, the septic tank should be secured against flotation.

Test in.

70. Septir t.ank s shouldt Ihe wat'rtight and must be tested for leakage. -

St-ptic tanks should he tested Ior watertightness by filling with water to the

softt, left standintg for 24 hr, and examined for leakage.
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1 k * r v w I c t A n t i i o *o 1 11At1Ifl-

rer ee-. nrts lii' t n or ' .ic- "I inl i Lr-tr .ll o i.' 1, 1\4 .'f" '.'Stiil.-,

paiti a r i a t n't:sion sldmi i! he paid to W ilting L chniqitu-s aiid the 'Olipa t i, It

of helindgir ald frackil 1l material. American Society of ( ivii 1 igineers ( 1982) 0

id Illinoris Society of Professional Engineers (1973) pmide 1tailed infoi-

mation Loncerilngl the design, construction, and specification of gravity sani-

tory sewer systems.

Service lines

78. The service line consists of the piping and appurtenances ,-tWAeen

the pressurization unit and the pressure sewer main. Service line piping is

sized to ensure the maintenance of minimum flow velocities. Service line

piping usually varies between 1-1/4 and 2 in. in diameter. Small residential 0

installations usually use l-1/4-in, service lines which have been recognized to

ofter the best compromise between costs, provision of necessary s ourring yeloc-

ities, and mlliiiZationi of head losses. Tht l.Irgtr pump installit, ioiis toulnd

at cecreation area facilities will grnerrallv sl e m t(, the. -ger tmipe' diameters

t 1- 1/2 anl' 2 in .

79. S'rvitc I in ,, ,re norumal I ly unstructed Y i t h PVC i pt , dl t LIugh SI M

vi, I bt ne 'E) pipe :ervicP ' incq. t ,.v' iso hi ri in; allet d. Both I'\C S in ,-

.I 1 . .1i,.1 SILB,-2 I P V Pk' I , I 1 1, f 1.1vt' 1,-,-II I, ( Ior s I I '.. o Ih !l f.' it W e •

'l: nit r l t, liL ) .' . ,':;(d'. Ca l .it ll) I I ,' t 1k il i 1: the II'ti . 1 . 0 1 "

lit . .t il\l , f td i; ipe . , .,tii t' tilt '- ' t; i ' l i i miii i K Ji . I- I. i. is. !

i~l<'t~tl la i,,i ,,t h), ti k illdl> Q, p ipe . M, i t Ie l ;P IHY m i .11i,, ', 1-, a IW' , li-, I t! )
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valve either directly outside the pump wetwell or near the pressure sewer main

conniect ion.

81. Ini addition to the check valves, a gate or ball valve will normally

he located in the ,,etwel I onl the di scharge side of the pressurization unit.

These valves serve to prevent backflow when the pressurization unit is removed

from survice. Maintenanice oil the service line is also facilitated by the

installation of a corporation stop or other type of' valve on the service line

near the pressure sewer ma in.

82. Service lines must he installed at a depth sufficient to prevent

'lamige from either mechanical loads or freezing. The installation depth de-

penids on the site; however, a minimum depth of I ft is recommended. In most

cssthe service l ine slopes upward to the pressure sewer main connection.

In those casies where thie service li ne slopes downward to the pressure main, a

sirring-ioided check valve should be inistal led in the pressurization unit wet-

,-l to iinii ze the potenialI for siphoning problems.

83. rasni esewr revi 1 lnes and potable water supply piping should

Itr nIstoJ l(! sih :I*, iteast 10-ft horizontal separation. Where pressure sewer

nia ins are isLtl ied on, one s ide of aI street or road, service line connections

frtin thle oppos'ite, sideo ithr, street should be installed by boring (if the

roaidw-iv hais been surt acel) , or instalIled wi thin ii bored casing in heavi ly

'-.at f Ii le a reas . hel( potable water supply line and the piressure sewer ser-

t l uit b11"e bared beneath the street suirface in the same- proximity pro-

1 1, I hait t her I Fit- i s instal l Ied in) all app roved Ca s ing.S

8 4 .A )rp! Ipr i w: o I' V" vaIlve shoulId be l oca ted a t the s t rce t o r 1) rop-

1 1 ne I ejII11 t It, Ise I c I Ii rt frIom thet,1 pressure sewer- ma i ri . The va lye

f- jrld p slit) bc -. ~ (l[It of ,IL s')It road traffic- to prevent

I errc tb riser s ,ib h ii0d, in tinni, crush the servi(e i 1ine. Some pr-es- 0

h-w: t Oat pr. vidt- a !iser ,Ir -_;lv'' !),x to locate or service the beck

e I 'at e nt- he ori i ti, b- rSo l.iijt ioin t hat I a i ltire woulId he a irare

01 C ao1 l M tb it !her- umiounits ''idl, it he~t-~v tic aatuil, exca-

'1 SI--V! I iris' I;;- a il cf -I! t hie sIrt face and t hell1 pac-ed in[to t he

t t I fIi i I hest. I t i itit i ii al c dai c,- wi t hi t tit, rio t a--

- , It,,. I ; - I - i

St ~ ~ ~ 1 --r't hal t i0 x -IV. tet f 1,-i dIsftanlce great er thanl can
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I. X . 1 1 1 t I

ii 1e~ ru11ftls; t

Tilt. l'w 1 ' r cl i hot 1h grilde r pltin andt selpt t: tank-et I I I ent pmptiil i lig

s V t ems Is :-ol t r ,, l 1 -d by I Itasli c i r ig the l ev, I i [i the sept i c t auk ,: i t h ( e etw 1 cII

Ih rc ire ,_f-)r si i types o f level senso;rs used wt h grinder pump a :d sept i

tirik-- t I Itellt pimp, itng syst|ems. I'ese i ll( m eu ilrcut-ry level control sw i t 'hs

i,1iliet f wi gilt di splacemerit swi t chs, pressure-sensirg switches , and dia-

ph r,igm s, i t cies.

r cfe rur r eve cont coI swi tches. e rcury level swi t ches contain a j
!it ruiiry conta- t switch encased in a polyurethane hal I In the s implest

.ys t em , three separate switches are required with each switch designated to

vittt, r turn the pump on, off, or act ivate the high level alarm. Di f fferent i a I

me rcu ry sw i C ches that combit e the fic t ions of the on and o f I swi t ches have

itkc(trt I y been int roduced . A scpa rate mercury si, itch is still required to

, t I,'It the high Ievel I' I il.
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91. Qressure-sensin& switches., Pressure-sensing switches can be used

in conjunction with a bubbler system to measure liquid depth and thus control

the operation of the pumps. Bubbler systems measure liquid level by determin-

Ing the air pressure requi red to force a small stream of air through the lower

end of a tube extending to the hottorn of the wetwei1 or septic tank. The back

pressure in the pipe depends on the depth of l i quid o ver the open end of the

pipe. .Apr essure swi tch senses the hydrostatic pressure and activates the,

pump. A similar switch can be installed as a high water alarm. Bubbler sys-

temis requiire a source of compressed a ir and mu st be vented to the atmosphere.

92. D~iaphiragm switcobes. Pressure diaphragm box type sensors operate oil

the pri nciplet that ailr in a diaphragm box compresses as the water level rises. 10

Fhe d ia.ph ragm box i s f ixed at a l ocat ion t hat becomes thle reference po int for

he measurement (Metcalf and Eddy 1981). As the li quid levelI rises above the

d i Aphragmtt the pressure on the diaphragm compiresses the a I I t rapped InI a

hnsoil tubing system connected to a ptress"re-sn I rig elemnrt . Ill(, pressuire-

c~ tineurt transmits the on-off sighnal L"t thte pIm. Fbiii piraai- switch

i I I Iiseulf fi septic tank-eu I"nr pumpinrg systom;t liuieveti it is riot gvnr--

a I v rf imiitiii o-i hI tor g r inde r pimp sys tetms ho ta ise of t h!o pot en t ial for so I idus

In i lull a ound the diaphragm. D~iapthragmt Swi tches muIst 1"e vcentedi to thi, ittlie-

sluti. second diIiapthragml swi tchi mercury swi tch. or~ pres.suire-senis inrg swi tch

hoii ut s-i it A highr ',A ter .i a ru i s inustalled.

e( LI t ri Il(. aptlturt tlatlons It rittia r i I y ld pendf (il t lt, t yte () t illilt ito1

i, r !p I (-(tf- el t rr th in jrsta . Iat I un . Adtt i onal t a t , r tt iin runst st l In 91VIII

t ,t pimi Aii n a . ill syVt emi w ri r ig.

As G rilder liills . Most gr i rifer p ump~ ii st a I I at Iotis reol iiire 0 St A

208- "r~ 2 -v nginyo-phs pii50ower sourctet. S"-olaImrgter instala 1it ions wil u ise a I*

thi - ph .m se rvice. I ni o (i h r ca st , t hrit I I (, I rig rreoiiriinta ti oils ca ti it

'If 11 :ru 1rV, 1g tlrt e Ie (t tr Ioi its111!,ti AI t(tiri

'; tt tli sI g e ph hv tfmprni I" r nteI IPn s av I cara II )0



wi it I anih Ierit C MIlP IS At e, 1 ii~t.t -Il I v~ t. Ii K ii Ki ~ Lv

L v S t1 t'r ~ i;r it t il I[I ; 111 t I ) I v .I I' Ia s I : I) j~ l tv I-itr:il I II

1)tatet t 1(11 '.Ii l Itd e!, t, I C' a:- I I 11i' Hill 11111 g ii tih .Iir Ito-I :c I I

altiit teII It t r t 1 a)'V r instIiI I c lo Ie i c ll - Ialt~ i!iat ii :

f ir halri litct a n bOX ItI I h iita j t ie Ii I elH ak

I)( 7. Scm i lies i t i Xe t is p ttimp iti jiIIIp mit in g) I hO . k t :0 i d It L .1

I r Inirertj i'l rC in . t F n J alt rI Sl L no (1 !)0 (1 x ,h ti~ll 1 h 1o eLr-!; t I t ,I

t t t Ife tLS I I tan I I Ii Iiiit m e t i IS c t I 11 I I r [tp Pif ilk m-:

It ell.i s. S '111 ' theII hot.r Istres a i ap ) 1 toe arel ( 0o1 t vt Iiil th nt I r

A',t -f hep rat 'ront to t p nlt ma hF - i t II c )tili reg 1ve , for the I e e i foit, r-:! I

so w I- a I 1 t he 1) I t (thiip Ie i ( - tj u e , t t,,1 ;, .I'-

I e , i .t i r i i th l a h v I iis It' I t t i .)i jiicp o 1 0iI I he oinl ip ht )I :, t I

o Sl r ituA t i Iiit b i o i'f the f Ii t a 1e Iv> [ i ! e w 1i t ' ,~ fi i". t, lii i .I* 0

lp vhi~ i'iiil 1it ci fapp II l i Irua iri iIt, ., t in e t o n ) ' F I

!i('.lfl t e \ii tush. )i v I ' iii d ug i(taIr [I ifi ho ip~ I' tit I w K' I SI

h). '-f 1 tI L i [Ik t- iw 1 r mp . coi 1-)1 i vsl l 's r 1if c L11

t.t Ili nt s -sL r)S 1 U Soli ,,tu t I o111)1 ca e tha l fos fo gI-I id c 1,; til

svs eli . S i( the mo o s a te s md ca a(i oI Ir- Io It , I ' d Llt 11(0o



%S

I t If tI 1 1 C, t I;~ t I I I! s "tI I r o I I ! I

r fi: I 11t I I r I, II I II t I I I I I .'i ] t I

il1 t. I r tiit '77 ,it 771, .' tI]i', I Iit- IS , .tI i1 [ 1 ' tht ,oVr-;ttc t i s lVt it e

I '..t 1.r ; ,t'I I .i i-t t> 1 feS} .'> I IV )li ' t.'r-[ri [Ia 1 c 1 ( Ji(7Lot wh i Ia L a it 1 i) 1 I s

, 77', 9 <h's< gri winl~ .1 tapi] re .i tet-inirci -'le.atiut u)r" +ac'h clulster.
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pipe atre (Oriom materiials of euist riret Ioil Iur wvit c U I iist. r i b I oil pi pinrg :jrll

wois tetw t e * f o ruce ma ; irs. Vai r I airs I ii It gs sii( Ii as (ernwiit riurt a i ca;iil t.)1 o 0 j:

epoxy 'Ire otteri list'd 1Sit Ni 1 arC! plpfe to runiiirze iiorros run probrilns . Ihe

re IIt \r eIv I ,Jrl k :; t tf 1)1 -irit C t p Il pe IIt , I t I ~ i t JO ) 1 1 [1 CS ii rc ,ur

sc e r ri-l lot iri la Ipp iiis lavavl .sppl ik(:t Ionl In F)*ase cr

sit!. apr-[I,, d t.] ti-v.iiti o

pt I %-ri I I! o-j ! I [I . L I] m d I .
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Manufactured in accordance with the requiremrents of ASTM D2239, ASTM D3035, or

AWWA C901. PE pipe has performance characteristics similar to PVC pipe. PE

pipe joints are heat fused in accordance wi th the requi rements of ASTM D3261.

118. AcrvIon it rilIe-huttadieiie-4yrnepl1 e ABS pressure pipe is not

normally usedi for pressure sewer system piping. However, ABS pressure rated

pipe has been used i n water di st r iut ionp systems and could have applicat ion in

the const ruct i on of pressure sewer systems. ABS has performance characteri s-

tics s ini tar to PVC or PC pressure pipe. ABS pre'ssure pipe Should be mnrutac-

tutred i n accordance wi th ASTNM D2282 . ABS pressutre pipe c-ar lhe J o intIedi is i g

Si ther t lox ib he olastomeri c seatIs ill accordaiice wi Ll AS'FM D)3139 andl AST'l F'477

or cement j ol i s ii acc 0rda iice wi th ASP'! F5 45 anrd ASTM D)2235.

Htter piing mal~terials

1 ~ ~ ~ i 1-) Fiegls renocdthroetn rositi (FIR) pressure pilje-

Trk P ipt- i s ulsed Commion ll in the c hem i c i proites s i ndustrcies for thle trtin spii it

'' wajter tirid was;tewat~ers with e-levaited t emrpertttre (up to 1250 F). 'Il cola-

* .,elv h~i ost of FIR pipe Ilis jireti illeil its; gerril i's' hr( tort'~i ee

se itV e. licwove r-, ['['H 1 pipe woul b t e i iti acteptiL hIt, i I t rjt e p)ip1' ii~ treti It r-

',t't'rel se(rvice(. FIR pip Ptosld hIle irtilrilit itrod ill .ijetrn ithI ASI ULI )2g

1)2 11), or Di1754 withI d irritsiotis as spec It el by ASP'! N) 567.

I V Pressuire sewer pi 1pe i s it() t il~ Iv Ispe( if i'd liv e tite r t lie- lires!i e

it iig fir theq eiredl res is ,tance t o th fit t it i pitLd Ii\ I rostit it I(St rc(ss is,

d' tit1triititI ill. j(OTd1Lt(-t wi di ASTM M Y5) )'), ()r D28 i' Illii Jilt ik lpitoe

I t1 t f i it tit- s v stemr trust he qni ait Li I i tid t I ho lo t li 1. i i t tide, i ld Ir'jiic V

i jt tvn I is f 1 w rer t 11ii S i S 1)tt I' is I e , I i s jlt l as i pI at I k (-' t pe. Io i p ti

L . tli he s ista rlie I 1 1 t I 'l ip td (I-rt i- litisu J)', pipe, is -r 1 it

1i' 2 1 TItt f' 'i it t hled e I I I-(- (i I [ir ti r .,~ , 1 r ts S i cI I !rV t li lcos i go I. (i

tii it ' i L t ig t (,rill)( rati -i f i'r (Istiit( I ct h De I IL smeit lipe t ho it tI i 1)82).

t f. j 11irl tlt I rIrliei oti hIfi lid ( linjt ; i( tie 74 I trii crti ( itt tIgV ' t1iit iit ire

ri' '' i t his' tis i . li-re tItre is j it,' p)o ss1i1i I I t\ I tiir t ti rig ci v I (%,

n Lt 'w t r t oitpt' t'.i t ifre!,s

12 1)' 11 t i I i o i ressit e p) 1 jIe . Duct i I c i ron 11)1 ) ind' is t i r (it t
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terminal node, a lift station, or a coittrol Iing ele-vation i a. unulI a ted and

the requ ired pump head at each niode mayv he de termni ned . F'i g ure' 1 7 1 listraLes

he calculation of the reqtl red pumpy heads. 'Iheit requ cI re )JtiitItp haId IS the ditI-

cticltre hetween the requi red pump dii charge itu mitiaid theit p ipe'Ievto It

the re(]ui red p)imp) p)ICeSSIue heCorrie S excessive, the tiser mtay wi si t, iwst .11

intermedilate Ilitt stat ions ait selected poiints in the System.

M1aterialis of Const ruct ion

-)p I: ais t i c ;;m t !-r i ;I's

I 14 . PtlIvv i riv I ch Io r IdIf . Pressure sewer mtains hatve general Iv heenl conl-

te t PVC . PVC 1 jres;s i sewe r p ipe shoti I d he mrarnu ftac t (I red in atojc(ordautce

Lhit It reji i rerneniti. o i ASIMl Spec i f i ca t Ions 1) 1785 , D224]I , o r D20672 .Atie ri cant

1st' .rr Ls As'c oht (AWI:A I S t anda rd C900 Is .i 'o -; i tthl[(I f() t-t;se in p res -

.'t'.t ~j 05Wr ,it 15 tisii0 I -% mor ('xpertive thant the AST'l

I t-s Ittiel t" a;I hgher' stajttiart l i ASVI oCs gnati ionrs ate

114I I U , it It~ j 0 ittvtI .g Ma In(I tianiet ers htet weet IS a n 1 12 ii

V WO (tit, i Pit; it t I s a pp I I cle Icor 1) res st r0 pi)pe has'' rig ttlmfii na dI am,,-

oc i 4 iti I2 i

1A'1. i tti ati it tlistat.n1 s Itt,,rL-Le I it p)ressuiire S Urges S igni f icant'i

f; r' t -in ftc I te I I s p~.I rf-ssit re o ait Iirig oi f t h t, 1 c 11)- t tout I lanage . Fo)r

I~~~j PV t~ I) ( rc ( o .1 lt rig to .\WW 910) can sj th its;rtd art inrte rlia

OilS ~t r tit-t I tIII t hiit Si i ta it t It( samte pressure is itt-S

;- p p" It iI I '~tt~~~'v I Itt v r , it r I 1 1 v v i t I-ts and .1n

I S It V1 t I I 11. I-it it itt t t lie' des Igtt wt rI Lo v tt)lit

tPVt t 1) Hi. 'I t pu m t it( bhase cit Ohe I 'rtg-t ccii, wo rk -

1 l; 11 pi e I ' pt 1" 'S.. I t, pI t , 1 1 ,t: v have' I Itx ittle be i I o cI it"S

I I I~l tw vz~ft k. e -I t s h') t v'd ( )II -1

I 'I I- - I'1 1 1 1 1-AS ' l 20
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I LI ra t I t llli i . " t si Li ii t f IIn I t It I , I t ' rt 1[ ro,.Il -

t IL tt f. tijL li e Ih l v I I- v I fl ll . 1 1LIt(, - I -1e11 1 i. I

*jte+ I t I,1

i I' I I I h it itI I I II I I I -

f t I I n i rIfI I 'Iro r lI I re li I\ I 'I, , I1 1, 1 1' Lit .5 I

IiIt ill 1'itf fi0r 16 is t1ia of I 11i 1i r CV ~ 1 1 fr
* t -. it i I I th i etwu i rkI[ V i osir I Is at i.l ri L i o pI [

I  
sr, 's lie tI i, rstI', I I . tr I tf t I(IitI s I , if t e 11-

. I {'iiiiltt r tprograms are a+v rg tle iit r .Ii, riIrIt :tri , th
. ,.t,+r,:v i '. N r, {'onipa y 1984, Svyte( I'P ' 9p, , , ,i~. m. .+ . +s .J '

r , , r'i t ,ii . Figure 16 is typical of I s I  i t i , .',-t ,' ' . , s,hI I,, frt. i L .Ire

Ih I,, f! I ,,I ,t th If, fetw,)rk i: s kstia I ,I A({,m~ I ''Ol ,! ... Ii I e l t s{s . 'I he t i rst

j, ',", , i+ .V t'l ef l .I s {orld th .'t I i [I t he " 1 {| r( I {,[l (. o% £,,,.,'! I th ,y o c-

1111, i++ I, , , n I L t - , I t e.j (-[h i({ .I ,>fg t it, I ue , , k . ' I I IIIA O fI ltt11 de( -0 ] th[it

t, itH+. te t 11; II[, . t fLIt I I t r ' I, ; I S i I IV% I ilpIjL hv\ th( u - 11';'Y l. ,, I{', it s{}lne

, r . t rrt 1iII t t ,I r th ( udes I i l i 1 'sI t'tllt ;i I ii st i iJ .t r.(itr,, the riser i i -

tt s t t h ti iilu h t ,t i lisc's sn rveui If t Ill it>,le ift I I ws Ire t liIt IatId w. w t lill

t he pI ,) .Ifi

IIl. 'lIh' Iirst ItatII thIIrIrIgf ttit s ,ttin Is '-igIIt't t n acci1i 1n l,a t ' I lows

,t, ,IssI i I itI t 1,1 vIlit's uIr pipe :; I 'es Iwo opt i s art general y avai able

tuir sefIett g ipie sizes. Ifr the tfIrst opt i ,ni tf{' user preassigns the size's

f pi pe het.'eeri eIreh itoie In the ' seit, ld (iit i on , the program will select t i p)e

sizes htised oI the ma i IrtenIi ice of ;I un if intirm spec if ied velocity for the Ii itws

aIIIn Ilated i i t tie utpst remn ioide of that p)ipe segirnt . Typ ica I ly , the pro-

grams will select the miimumn commer(ial ly avail able pipe size that will pro-

duce a velocity at desi gn f low retweepi 2 aid 3 fps.

112. Once the pipe size has been select 'i, the head loss in eaih pipe

seiigment is calciilated for design flows. ill itli t ion , it is -istomary to cal-

iilate wastewater resi(Ie ite tim' in tit p il)e i t desi gri flows. The res i t ce..

t inuca i e rised to est iJnate the waIst ewat er hira.;] t ir st i (s it tile tleatnllrit

1il ;tilt.

I I. Al te r inomlrlet ion of tl, I i rst pass thiuigh the syst', a secni' d

pass I s made tii thei direc titin opprsit e the f lo"'. lTie read I(f .s I rtml tilie

40-
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Bt irri ,s Ir (1977), r', ini cIII t u s n 1 i;g .1 k-)i, t, I , i 11() 1ir tc t I tfip.-

I' t t I il1t) u1trr1 )rig svst 'iS "'My r I lu: t r 5LMP v st tm , j ti L I 1 I .0 prIvl Ie:,

i ;itr't\ fat )i ti fur ,rft IL il)t ti grt'J:t' rit) tl iti bui Ki, ' ptlrti.:,

t .t t .a\ct or t IIj) [ I t. i vtt il It Ii tl , i i ' , f ' h, i .'is i l ir I li' [.iii- ,

a (~ ()lll st' t a it u r s Ill-i'u111.1 1 j i In t V is I t 11 l)it 7 1,1 1 1, 4f It '.

-I t t' t fI 1i i 0 IL g C f 11trct 0t'I I 'Z i ,t I (,ir' t (I ;, [ L i:id 1w

III, it I it)., t t I l(,It c illp 1) 0 V -; tIS 0 , <,t LI I I r I f Ii ,l[ I I )111 t 11 [111 t IIl t - I- . I l { 1 ,1 t ! 1' -1 1

I I I "Ipl ( I .V lad (1 tt'i iries 1 tic' 1 t rIit ' riif)'' 1f ie lt 1' r I~ se' -vIII l ~l 1. I [

t t(hl iv tflmII I ( -c' l el s I I, ir i ds.. Ir' I sI i('. 1 1 I I ,t I I Iill I t t I i
I'I'I 111 lII 'II t l ' I " itt (r I f I II f I I tl 11(. ( 1 d I('.h II I I(,l 1 1 1 \: i I d f-I ,',ll( I 1 1

r :( i t I ty .

, 0 , r'1 i ri t C h.t , rh I In r i t ! l tt i t)ii, shst.'tf i If i ,
1 

i

Iize i It h' rdr)in s o ( l -IIiorigtI i( i rI I ri fi s r (t('i[l t

Dev imitlt the r 'ijni r1 I rre. i t I r ' iir 1, 1 'if( !l ireisiur(,- tI

is t fi , ri vI I Ivw's.
I I- I't )rItri nt fr lo s o t -, 'ii fi e I Igtite (I I fit (lit;c.) ti rr 'sliOr i1g

eI 'tt ritii jI; l pitL t h L t Sfvt 'S, tlirtt fiisfLst' f(r I- I I Iik,
U tF I . riit I cit . ifijti i f t t ij ir.tha'fits init d te i.it rx siie ie

si itf tLi Is, r,' i t fl ,,i t I f ' 'i5i fit iut s .ill hi ii(I D m In in I:; Z I(F t(ll It ,)' ,(I r l j I i c :gtr de {I t I fi t ne)( sl.i( G"1 r .'hQdi fi
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f I f i I litt i l (M 1t i Ilt ' -,Il t I s f I II; s I I('( I Ill m[ A, pp ro(' h ll( l, l l v I t I f I I I I l im .-, t ,d .% : '- I ((11.d wh 1

i t S, I t t'I 'ft .I f+' %,,I tti' jti) t t dit o hi a ttt I L' ifpiiiftfthi S ivtl p)oii -
I-(.){ i 1) 11 11 1 [v ) I i w~ d 'l I Ii g .

f t f IIr, , ) + It I lt .I II I s 1 .1;, t,,. (., I,[ t i ra . ) t 1 11: [} 'l ' il fid s ;I zle [ hJ is d )I]

f.I 1..... t 1 1;, )tIt r, I ( i, Ill .I L ,, t ' .i I lid a re .1 om i l 1 ) 111 ) r x 1, 1 r-

L .' 1 :; 1J) tm p th ,i.I (i, t i l .I (' !; } ' , t i t( ,~ I' , l (o l -sl ( .
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PART 11?RLYSC'NJ SElER NA IN u,(NSIR PCI N

o ill 1~- Jerije iis a~ i~~(ILl Si~tn 6

ijI. t'rL_ .i trjh e~r: ' tr'ri sv Utem s c aehlc.1" Ira clsystem

S' S' I . fl~f d tp i ru (it- ,V - em a In- hr iti'ih i , i t he a br 1 h i c.

tl .11 it t r I I ~I %, k 11 Iv t cut 1 Ih I Ti, I r irl. t e I r ii h a

1; IIl'. Ill:] 1, : :1)) I d I I I d -I]t L o pri,'V do [~ he ,hI irt i t I (if a rld thte

t'16. 1.ili g it .i i~ i i t Fo 4)if I It 1 i Ig p i i jii' l, I't ve tn lura ilies 11ay V I

ti 1) ro l'~ I ' it, 1 1, , - Vs0 .i'i 1i r t iifiii'it v I vi t; e r , tit po I-'L i

i t to.v I i, sri; .\1 lw' in I I !h I Ig I lit e'! ial[Ce 10riu'- that 11t 0 C S 'ri

40 p5 rea 'i t hie I .if:(ti hc ri ;id i'; ,,u tIf 'lw - t I anri Iv..-d as a branichedl

1012. lh( !l i,11t t" - it ()1 IresShit sewerI systLems i s norma I Ily based

0[1 01U111 (:[it 'Ina I' T\' it sta i Ill t'i oiS t :-; oiriiig velIo( i t i es and mij rini zation of

head Iss' it t1he i'-,st eml. %i i :iterianiti of Si I-I iig veIec i t I es i s patrt icular ly

iriport a I ai1 I- r rt [i sys t umil; whefre A rei s t, jt s o Ii (I may vp)re sen t p rot)-

I ('m1s i [I sy telt) ojie raIt i of

10 3 '1 in i mliint, sc(0)11 i 1  ol 0k it i e S ca Ii he' es t i Timiated by t he f o IIow i rig

c' iat I on K Kr i ess Ie, Cmqw' Iaid Revek 19 77

1' - (2)

where

V' miii imum son ri rig yelIoc ity . 1, is
s

P)C iis ido d i a Tite L cer o I p ipe , i n

S0 .UL . 'x 1 ,Ie I (e I ifl lit- ehier.t I ofi oit sevcvaI iiressiir 0, , em"l' lVt' I IiitI -

it es' t hii t an1 a lis) o it t' iv r I[I mumiii VI o1 t v o t 1) -s slio lit to' ma I ( i Ir n i 'I 
t  

iie I t t

aIIposs 1 lec

105 fg, i Ia los s I I il iI !IICSSI iC Sr ;irsir sIt syri:' v" at' geliti I

mateud ral L, a [tz Iit -1 i I I i 'ims I-m'teII ,f Fk Y. PV ( to t l i, riorc' I I v tI In(. ( t'I'Itu tv
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are (ouSt ructecl 11S Lrig PVC or PE. materi a Is, t i is sect i nr is rest v i u ted t (, a d

cuIS s il o) f cumlpa t rh br I Ia t vri al I s However . s i in i I a r con ll- ct i o i i (iId 1() he maleI

were othe-r nunt list c imate r rils anld Coflipat ii e f itt ings tit i I iZe

1 ~ V m5.W rd Lee s~idd I es iare ava i I .ih I p t o i rista I I I - /4 t 21 - i nII 1 e 1)

vi ce I Icues t heL t, " es;l r51c s ewer 11a In It.The pressure sewrt nt lii iti n t hie st ruo-,

or right -o 1-winy I ccit -n call %,i rv hetcween 112 i 12 i 11I9

16.A pulculI .i met hurl 1; f cOiiiect ioni of PVC serv i I lire>. tt) PVC 1 rs

stire sewer ma in is Icy we,'t t 4cpiiig .ijio instilI lit i c, I4 co (e omiuc Ito o c, -

v'ent wel Id serIvic I :,rrietrIc)i:, ot tIIs t~'c avrc mi 1,hc 1(il to iil. di -

aieer vpi (-, I surv ict cuc t lolls ar1c i hst raitte in [1 1- 1 j

CORPORATION STUP

4 CHECK VALVE

I -- T> F OR SADDLE
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S

137 PolVethy ne pi , o t Itinet IJe .I, V I IL outt c I II miIs t he he,,rd I used

to provi t, i d Sc tla t i c (I) i't.i iect L I [I g S. Pol V t iv leont iII t orm a

s o lid ointIt at hi gh tiriperLat i t-s, s( t ii-i tt' [ it i tit Its'l I is :,t ,ron g r than the

pipe ,all . A , v,r jet v o t t r, iIs I tI I I i I L r ,cs f r IyeY t e l l e p Ir(

av;i Ilab I e

Iltil li t iI I il (St I rig

P I I. I 'sta I I it ion

I 38. IIpe i y it. Prt sf i s tw r m.i ii itallat rilo fI hou ,t I 5 in accor-

,tro e . it ! AV A P 0 e i , t t i,'ri, ,Isir pie., AS M D2774 1 or thermip last i

p i sl irt s t,- e p, , illi ASi'i 1)1 ';P t. i tho rmos(t i rig pressure sewer pipe. As

dr, 11t,'irralt iye', .)r P) , I Il,l t 111 k i s Ir ti i stal a tL o i nst i t ririt oni s (ai

I t i irg!. l( ( otlllt.' t JIl 11" i Sht rt gra(e a I i gnni t changes re-

,iu II- o is't s e ti Lt r itan t lost, rti c ' i-l [iV t he ptressure sewer pip' man -

t Itlu rer sh I l! ie A ,rti i,, d lv tie Ittting )r connect ion miainufactirer for

,ntl ati i iitv itL t:i it)ve:;sure si, er 1i pe. Pr i cr to installation, all pipe

,il, t itt ngs s irnlui be cle ired and inspected I (r detects . Al I inmperfections
un rh+ leace oft the, Lntigue ern, . or shoulder should be cut away or re-

*,riI ed. Cracked, broken, or defective pilr or anci llary items should be re-

leO red and removed trom tie job site.

140. During installation, all open pressure sewer main pipelines should

le sealed with appropriate plugs when actual construction is not in progress.

As installation progresses, the interior of the pressure sewer main should be

kept free of dirt and debris.

14i. Pressure sewer main installation should be approved only in dry S

trenches having -t stable bottom. Where ground water is encountered, every

ffort should be made to secure a t rench hottom free of water.

142. Pipe jointing. The requirement for pipe jointing for pressure

,e.er la i insta lat ion shll he iri accordance with AWWA C600 for ferrous

pr, :-sur, pipe, ASIM D)2774 for thermoplastic pressure sewer pipe, and ASTM D3839

t,)r the rmosett inrg pressrre sewer pipe. As air a I t e rnat ive, app roved mai ufa c-

tirecs ' written jorit ig inistroct ions ca n he followed.

14 3. Plugs, anchorage, arid thrust restraints. P lugs for pressure sewer

pip(- wyf-s or tev's, stuhs, and valves which art riot to be used immediately

54
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dIl modeti "I ani apptrovedt Jlter Ii a iit I iti Aw A= t set "iredf ini place with -i

f- , p cssw - sYtri dI ns sioii It e , aed atL bends greater

i!! Ic 2 At. uld lit itIlge 5 Il tlj 1) 1 liic Ank ol sK Id lso hie providedl for

tOT" t al , L t, t j'S, 10 lIt S It he fliors shiould coils i st of

4I Ai I l.r ~IIiii It rO liii(!.t dpe~ nin nih pgiin nirtvria I

P hri 1-k., re.tl ic c"InSt r In such thit tiit thtiiSt forces art

r
'-i, I res'lva tL tuig tih 0O) ~ > 200p

13h. Rest tAIndl pltshiiiipoints, mecha~ica(l joinits utiliing set scrow

Sa g li?:, , ''I ;>-t- I h-.,11 W! -5 1 o I i--roil: or c lampsl) may bie useid iiisteal

* I?, rl t( L 1h rl 1j: k I LI ri. I i o-rtoll , i: I amps , o r ot her componerit s oh III s -

W 1 1AI t it-l"u 1 ;i(]l 0 rLc adtttt aga irst orros ion by hanid appIi icatLi on o f a

h WI 0.2. N : I I 1 ' I- I ('f(1 A;eifliu L o( t the en t i re assem S Ii~ yv A thI 8-mi I - t h Ic k

5'h I '1Xi iVi-' I I Ial pp I I el Ii nlAc ordarice wi th Ak-i4A C 10)

14 i Pipe i:ij rkk rlig. The preI-s sr Ae sewe r ma i n sliou I d het color codled or

j 1,I-rly ~rkt int )IItI IM the I orut )on of the piping system . Noinie tal It

tt0% t. -i Ce S L 0 Mt p ipin tg Shito Id iW t racted w i tA ulnte rgrumid ma g ne t itc ma rk

I i- mAIik i:,v tjt AiIld h itt insti t I lddI rec , I orv t he p) I pe I I ne 4

I * it -I Iit t t . (I ., went . 1 -i k Ji 0es - - i'M d

-l tt- , I I I - I i -. tI t A t i i h AI i I i ii I - t it I f- iiIi I ca I on de c i i Jig

i h iiipt nL Jw id ,it i uo sly rep at t0



at least 2.5 fps and should result in at lea t I I 1 ,,- 1 i .,Ot L are ,. A I the

water ill ti p1 ressLlre sewti I n.Ii[

150. Pressure test. After the ,reqs"u c s., i hi r i !), t-ii l .

partly backfilled, and fN ly charged with water, t - .id , -V .i, , K ki

hvdrost:K ic pressure equal to either KO4 percent u; tho maximum tpenit ri, prus-

sqre or the maximuin pressure obtainabl, dir ig the klisning operation. ,ki h-

ever is greater, but not to exceed the pressure ratirig .f the typ ! pr-sswir

pipe specified. The duration of this press e t,'at should 5e toi- a per id of

not luss thin I hr. The basic pi-ovr:,icrN ol A'WA C6;0 and C601 shunl I

applied.

151. Leakage test. After ciu plv . ": or the pre. ure ti ;. . k k -

Lest shouldt he conducted to de termm;e the ,t'inmt ' v i Jo.t 1 by Ir.r ik ig

under tre specified test pressure. The test pit s-At is iefi 'd .".A th - :i1.

mini operating pressure of the pressure s.,'s r wtini. r Apl i cab II- s i o i rs ,II

AYv4A C600 and C60 , will App lv. Dur t i.in of each Mik.ge test sf.-,rn 1 he r i mi -

irirri of I hr for the pressure tes;t period.

152. Leakage is defined as the quantity oif water to hi- sulptlit i the

newlv constructed pressure sewer or valvedf sect uoninder test, whi ih is< rrec's-

sary to maintain the specified leakage test pressure aiter the 'ressure sewer

ma i has been filled with water and the Air exp lied. The alio jO ahl, ltak .r'e

in gallons per hour for pressure sewer mains shoui not re gri.iter than that

determined by the formula (Florida Department k A Environmeital Regulation

1981):

L. = NI P

whe re:

I. = allowable leakage, gal/hr

N - numer of pipe joints in length of pressure sewer mailr tested

1) =  non i ira diameter of the pressure sewer ma in pi ip,, i n.

P = average test gauge pressure |iting leakage ttest, psi

\l lsafAl}1 leakage rates at various pressures ,Are sh,,wn i 'laile 12 based uin

r,,mririAl pi.sspr , ripe spit ions havi rig a lngth ift 20 ft.

S> e( i . t rstrri t I I on

I " . i fh i rr st, I .t i l, ,I pt,.ss,,r' ..s'e-,r n.i I rs m yi trlu Ire cons I fe-at i on

St '

• . . - o • . • . . . . " , . .. . 0



r o A,~ I~ S y s "i I i te ross -J* * aPJ)r0P~C I 01. ?i [t c r I l ~ tIoll !JS h . 'l he

,it comp I ishei.

H~ fit- ia i I road iwirewr hais juni ,si j ct j onl wocr II ri ii J.Lod troti ks thit

Wi iN, he JC OSSed r pre'ssure( !sewer ma ills A i I reiji i red permits and constLruct tiln

re -ju renit s s hou hId be ob)t a i lied f ror t ie no i I roa d ownerc p r ior to con st ru ct j in.

the ra i I roadt ownier mujs t tapp rove a nd a u tho r ize thle Line r- c ro s s ing and mus t ht

riot i f i ed inu adva nrie (A any coiist ro ct ion wi t1 ini the railI road r ight-o f-way o or -

ma I pe rm i t t inrg p rocedu re s a re no rmall Iy imtrplIement ed by ea ch ra ilIroad owne r

The met hod o f iniis tal Iinrg ca s ing a nd ca rr ier p i.1)es unde r the ra ilIroad t rac ks.,

e i t he r by open t renifch exceavvt Li on, jackig, o r bo ingI)i, mus t re ce ive t le w rit t.e n

.r pp nova I o f thle ra iI roa d owner.

B r I lJ c rossjip~s

I 4 P Br - ig~e c rosis i gs des ign anid ctrnstrrrtc t i on nus t con i-ozili t o a 1.regni-

I t ii )[ Sot the litgefe r chay r ig j unr i ctLi on overI t he wo rk rega rd inrg thle met-t hiouds

t(i i: trtio toI n inrid te tip )rot ec t i .n of the s itec o t the brFi dge (-ros s irig d ,rcI ng

tlit, i ri]s t I t I p ri oil 1 Pres sii ro 1 pipe a rol i t t i nts i n s taJ I led a t b r idge

iS es 4' r r 1s i1 t. nwe t i te n' r ren117tIri t I o S r dIre t e I I o 1 re!, f;r re p)ur e . A 1

I ; jri i~ c Jo [lilt t (Iuds aIrd tol t arichir:; toc 1)J) p - wgci iiI wi .s, i nu

.~uii i t i t Ii s he WtOr ir t l .iI io!'si;-.rt I .ur ,t o -tti fiili i

t ,~hIt Pip-~r tn')1Irgn t i r:.~ i

P r l 1 5.11 IM )f' t hcu pr'- I ; l p i il (I ' j 11:1 ll '

5; I Aldt. I l rii f1. I u idr I I i W '05 , ci-S "5 ( iro r- I O S I I iH I-, M it 1 1 ill

t ti p I ll' il' I 1,( t d h - I I0



18 in. between the bottom of the water main and the top of the pressure sewer.

159. When location conditions are such that pressure sewer mains cross-

ing under water mains will have less than 18 in. of vertical separation, the

pressure sewer main shall be concrete encased or installed within a carrier

pipe for a distance of about 10 ft measured perpenidicularly on either side of

the potable water supply main.

160. Wlirn pressure sewer mains cross over potable water supply mains,

additional prote(tion of the potable water supply shall be achieved by either

providing adequate structural support for the pressure sewer main to prevent

excessive deflection of joints and settlement, or centering the pressure sewer

main pipe at the crossing such that the joints will provide about 10 ft o

clear distance from the potable water supply ma in.

161. Under normal conditions, all pressure sewer mains should be lo-

cated with at least a 10-tt horizontal clearance from potable water supply

ma.ins or sbotld hc, provided v.ith an approved method of installation. "

'A Ptable wa ter spp!Y well

6b2 . ,b ie 1t o g -reral statement can be made to cover all conditions, it

i_- gr c r.l I Iv rt c'Pu i zed t Lat sewer should meet the requi rements of the appro-

jn-1.t, re' i",. .lly, a,'Jucies (or in the case of (E recreation, reviewing agencies

i h.- j .t- ith r.pts ct to ii nimum distances from public water supply wells.

i . , .'paraticie valve.,s range iemm 50 to 300 ft. For example, the state of

, . ;'I l I ,Id., J(par)cI i t of Fnvi i nmentLa I Regnlati on 1981) reqii res that

.r i i Ib c .at k-:q i y we I I h e located a minimum of 100 feet f rom any

ct r, are (( ! tamirnt in u !e otherwise justi tied by natural or

. i,,,* , t - !tn,, t h~ar ritri 1,,t itt, )o land, an( Cieasiey ( 962) recommend-

Ir1 1 JI) tt. 511 State that 300 ft is preferred.

0
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IL 'i, 'rks

(I~~~ tvII ' i~

i: of i I T f to i l i r I tirl a t In pr e s ,t 1 v , i 11 l

St .ii I- vi I n i l, 1 ,1 S 11 V la S truss piip I PV t ei ' p ide r

s I I Ii t' Ii' op t 12) imp.s as d on ! re e. ntk .h i ll I, m )s t.s d e t('o IIt i 1 L984

I !,X i I I : I:," ' I . I-(' "I t I I)I .A, I-i 1 1(,2 IllldI Im I c t 1(' I s'l - fdf ( Lon t -a c t I- s

I II t e i. I t ri tttl I o ;j I; t II ) oed thlt IIA()g n tSset er' '{ sed (,frist mii-'tt IIt [lI
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Pressure sewer mains

165. Pressure sewer main costs can he estimated as a function of pipe

size andl pipe material. Depth of burial is generally riot a determining factor

since pressure sewer ma ins can be briied at a minimalI depth to proyvide protec-

t ion from frost or concentrated loads. The estimated costs (April 1984) of

pressure sewer ma ins of various materialis buried at a depth of 4 ft are pre-

sernted in the followig tabulation.

Diameter DR 26 C9tib (DR 2S) C90) (DR 18)

-I n-.- $/ -in it -$/-I in _fL $/lI I n f t

11/4 1.50-2.25T--

3 2.00-3.50- -S

4 3.00-4.25 3.50-4.50 4.50-5.50

6 3.50-5.00 4.25-5.75 6.00-7.00

8 4.50-8.00) 6.00-8.50 10.00-11.)00

W7.50-11.001 10.00-l1,50 13.00-14.0o

(:invent i ""II pump n1% stat ionls

166. Prumping stition costs are p~rimairilyv a furretloin of statim uay" cpit,,

Anu depth of the stat ioni. For those flows assoecia.ted t,- ith irea t 141nI ras

pumirp stit i us ire usually puY rcrhased as package "inits. Fo'r , tvpical in'. ia-

in Airea (des ignu flow 1(1( gpm, depth 15 it) pump stL oL ,;t s AS( est united

i- rnig I i i 5 I7 .000 to $25 ,10(1 t .r t~at n us inrg sunbmierisiblie pumpnls And!

'1jM W11 t $ 10,000 for a statio uI sing si' llpiilln lrluips . Co1sts IiHV.~y

hniginir Oiert' inrtis of irst~dIIrtnis art' cxuv1 Y' Or uinusural soil ( 11M t nSn

, Is"t I licisU pr I 's In r( as( (I orn iiNnn A(t i.re ! Ii i -o eio('1,ti Iit i 1984,

(I Indin plilll stat 1 'InS

i- i ligi F.ijirtli'rmrii t., tIVn cojst of YII iiL UC' punimpi 1IstA I t Iils ll~i hrlit (

,:A r II ' de'pnIin v onr theit pro !s-nt. QulnrA i t y Aniri'r dlist rni t I'('I u t m~

Q siristirnt , i " pt I ON A I mU IUS S"IWS IrNi ijpipiit Vu(INi( j I a I'

mit theI' irStl IIt I-oni. For g'rierai! 1) 1 irui;nig ilirli 5S, t iS 1 .I

.\ri tt[if)It fofI t-I i:ti di ni-t innr bothi s Iiii 1 cx iw jiwq, ) 1 j ih i ' i ts

liliril~ ) g r'.r I nlil sl ,1 1 111, tI t I dI I VA tI , I I S S /('- I psi) i II ffi il t h(' f I n i

t~b~lai~1(

ho0



1)1 I S t i I , 1

-12)-5 ,.500 o ,000-8,c000

I So-1,000 10 ,000- 13.)O

2,t 50- I o'o)

I , 12,1t IoU I, I ,d t I r rItIiI ls , o t

St ~ ~ ~ 1 iiiiei'e 1i re t ii 151 t (1I t

I i'i Il I 111 111 gh 1 hc i F 11 il i It

I i t, iL p Iiiip-

lI.i Ie 1 1 1. I S- thi Iiw ( [i Iii I ~ (ii sTO tiat ' I i r-1 ~ n'i !I tipr'i 1 1

ti; i g ii 12 t 2 bZy. I lic i sti Li ue st L tt plirip fig ys 1. eml I j

it I t .in k-,, t I I u ri t p); i n g s vs t em is r'st 111ia t ed torng botweri ~ 0 il 'In

,0(J0, lepeildinrg (,ni the pillilp aid ;ipplir-teialles t'e I e[tI s. i t a I t

Se pti I tinks

IO W) I fa s ep t ic t arI tk -e tF1 uen t pumlp injg svs Len) is s e I ee ct e d , a sep1)t i c

t ank mustI, b e irs t a IlIed as an iinn!tCegra 1 ) partC o f tie svs tm. The ( ost, of tHw

septic t-ink wL I tdepend pr i marri I v ont the s ize of the systenm he ing i f:sta I led.

type oft oXcivitjot ioon m iatterI i IS of ( oTIst 1*](t iOi of h insF;t a 11ed1 cost ofa

tVp 1) 1 .s)I 11t i I c ep t i taIik ( I, 000 r 21000 Ly is t I at-1ed

1, )00 11rid 500 t f tI cii I t e~x ,Int i on i L Ionsw eil s g[Ii -

I tIt ' a t ti t sst eil c is t. It he .>t it Ia iger I- t.'L ik irik .hould I h, fst i -

r l~* I t et ' s I S I i I X I i' 1 I oil Il'. [s t I' lii i'

TI ~ ~ ~ 1 ri1't rn ()I mdi 1. Is , I) 'ti i rl ii. t) s~ti rs

riri Ii t. tik wii I I Its X villrs i v t; t L': It in ie h ii -

tit

I 1 r w r I l I - I I I If t 1 1 1 t [I0



I/. 'ii , ' .t I, '. 111: u it'i nt I -;t It ralvity se(w(er ,piping is es -

. , , t I.. * .tri .t. Ip 1 I ;it, p ye ir. Ilis I, st [ maLe is

l I .. , ) t l l Ii , h il) , L t l ) w ,I i ' in l J !I I,! , t :; II! t ' s t~ l l l , l *'' ' I) [' l l ' i . it i n

. .I s'r~ 'V 1' (ulI!,'i 1. 'I

I i'. hr I -' i" . , .r ,tS i1,a iF:t hLhonaice o.,-t S asst)ociated wi thL pressure sewer

.fl: : . .lird :t Iv I c. , irif I t 1ol:, ;tlIc i I I vI I ;i ed; h ) ,'ver, j t is reported

Kr ,Sei ,,," . ,. ''vid. 1 ) 7 ) t hat t h :t ke ly to tie less than the

i t I I Ig II I l.! ,,I.fyir g r. v I t V ( I u t ion systems. Estimates of

e ; , in "lrl'I ll t erV I( CIo L t n)[I oier.it Jon and maintenance costs

I: r ii: ,)0 to 0(, i)fer rli If% jie year. A. \ in the case of gravity sewer

svstiris, Lfit I)st l). I i [i a n i ITig t (,S- ;iri' s(,ew r syst ems il recreat ion areas

wI If I ',,Jhlv he ii the lower ranlge.

5 ri|Ve lt l, i li L Stat. I oilS

17., Ihe optI.at In and mirinterlanle costs tor conventional pumping sta-

Iions havw Iet n it i ned in a number of st ili es (Weston Enivironmental

Consul tint sbv i IJ ier:, 1977: ,ii IIi rine , Harris, and Sun 198i). Al though a num-

bee of I (-t ,rs at fee-t the (ost of operat ion and ma intenarice, a range of costs

can e d ve I ole) t (r -t at i ,r ze s t hat wi I 1 no rma I Iy be found i n rereat i on

a r(as. . Mi i nt enance os Ls I lJbor and materia Is) are estimated to range between

$500 aud $1,OO pI,'I ye(ar. The, l)st of operit ion is primarily a function of

the quan t it y pnimpi' , pump i rig je,j , aind powt, r cost . Annual power cost can he

estimated using the fo I I owi rig express ion:

APC =ae PC (4)

whe -e 0

APIC annual power Cost, $/year

ave Caige f m gi. (gI
[Ti) t ,ita i dvnam, he'ad, i t

I, w i re' I water eft ii I on y, v ,/ 10/ 0

1)C ist p e r k i lIw, t t hour, .5

62?*1 '" 1
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1 /-4 . Gli f ider punip mlaiterlari( e is ('SL ifi~ied to ranige betwet-r $200 mdiu

)0 pcGji r year. I lotweve v , t hese est LiiiInt tr ijre ha sed on I lta ol I Ie td Iroil

's liit I i ll IH I Cat I il , j 0. Lp m S l Ss La 11, it ip1 . la i fit c I Ii(C oi I lIrge r

f),r Im , inij t Itat iri1s rss 0 ci itl i th re( iet jaea Ld iri(t, ve I oiniit w sil

ii ipt o i~I ghtL cv tx ee L 1hit of (I o ,, ciit o1.11 tI ump i ig s L tL i otis

III Ii ' fill,; A, I't"1ii1 ilt Sit s I o r gir11l ii1d 1) (Ipi 1 rstLa IiL 11 il 11t 1%n h cv Iwetri e tI-

It i .v' I Sai i tr vv~ r cr i Ite s el (oItc r , ijiti R ev tL 19 7?.7

I1 t .) i t Il' o ftift et (,t t li~jt t hese- L i c w r c le v I p- Ii o ) 1 i-- il t- I e!i Ji

It I- i 1a Ilig iuiii l Ss S thin 1 Ili; eI' rvi iilp ( t~i .CI'I Iiiei1cit S; I[I

I ii.tii r 4 j, 'it t iiiv Il f s iit I ilityt itll %., iig 1

f . I hitiiiih sI ' ti~vc opel f ruin re-s jieit a I Jill I Ii it i uris I I l

c- :-j 1) 1. 1  ,ell t ( rei(r(lliu Ljo;irea i 1riS tal I it i oils Ps i i g the

I tI m Jin i ll i~ i '-i hi, t fit. t .ta I ptiwt-r coust , ari I Itst i fil,]ttul h, m t i 11 1k i rig

'I i I)i lit !iI t t iS It iate I'd % I t 1te t I tiiik-

I;, !wt-I ,fiiltitetiiii t cK1 ir1 1-IcIs itt- g t Iove 117 tls t st g iiidt I-
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P'ARI Vii

L mst5 I) I i 1)r v i~ a stL- f !t t I.t Vr v 1 I-1 tr~ti I< v, -t I Itc I cod I

t. Ct 111. tc vI I Is ij-11,, t dt I it -. rti i t lI Iij I0 I- 11-( -. scrI' i

11l 1 t 19 V I S Wt- Iv 'e loped ll d fi,ts sllts lt _ 1 it ' 1 1i 1 v 1 1 p jI l I ClL 1

r1K kt rouit I on re'a. S vi lo i g[i p'( ro(;tlc re a h,) it lev. 1 oIW (I 1 raild -

LI 111.1 I crI's I i t I I ~olitlirinrI t V 11fiifl II cat iou iril r1111 t lit c. fllt 1 1 t I0 ( t fotI

11i C ii Ct -1t In [I Irea's. BotI-h g In l Itr Ilombp 501 I tept i . 11 k rid: r IIl

5's tr It t s I II t 'IhltI forI r-ec reoaIt r Ic~ 1, st ijC I 5- 1 1-i m, I ~ J c:- t -

r ig ti it I Is , sep t ic tanik-ef flItenift pumip fing sys tcm ~i nc v i tf ra

(f I teAe opt rait toll and mna irrteniabcoLCost .vofr glc I1( Ilct p am itis .. cve~ vr

t o r gc fiter.i I a pp1 ci t Iif s t o re creait on I a re s , t ho( ,I g id(,r i1 1I m '5 st 'ill i , (I oh

ib Ily the system of cho ice

171). A Ilihogh t tie des i gn coic op t.-; ll.i ve beenl sittoi Ia I 15 1 t ti It (I pc

eaich mrari fic tire r of t ers ei i jpmlr t wit 1 somlewha 'i flt terotit dsII5 ri Ii t I .

FtI Is rcp orI-t It t.erp ts to( s vrtI tItes Iz, s: i tLle) t decs ici r IIt, I IsIr -oil n a, ar Icty f

sources . Th~e i fif ormrat ion)i presentedi I t ti s r epo rt Call how used I I (ot Il tiJl i 1

wit h mna Itifa rt [Irert:s i n f rrna t. i on to inaike app1,rop1rIiateu ds ign der (I , lori s -0

18(0. lTre nrrost imrrport ant aspect of %sas tewa ter svs ten (1-s gnI i reccre-

aI t i on a reas -;is Ithte ac(curate project. ion ot quart. i ty iurri st rengpth orf wa st ewaLe r

thait \,I I I ruuiri i re co ll ect- i, t rarrsport. , and t reuitmtitt. Al thiough the i jitorira-

t ,[I 1y I) oe d I [Ir reen t e ar s ha s i 1111) r-o ved( t I II a cc! i r acy o f p)r oj e c t i onII, t he

timrerta irrt. res associ ated with the project ion of wastewater flows crntimar to

he .r major hs ta c Ile t o t he des ign o f co(s t - uff ect ive systLems.

181. thIIe cs t of low pressurre sewer syst-ers must. he est jiriated on ar

III ) Iec t-siw(ir if ic bas i S. Cost est imates inist. be developed in (- lose coordi na-

On I f wi th cl 1;rmonit Vendio rs md imann fact-n re rs .A It houigh cap ilal co~st s a re

t e Iati i v cI v w e 1 1cd f Ii ned (I, opec raiit i on fannII m a i It.t enduri ce c os ts air e la;r ck i ri g in i1)o t It

rtI ,II I L v i I it I trr f Iet anI I . Tl I IIs i s pa rt I c I Ii a I n Iy t o21 fr t h os c s\ysters uising

1a. rgv r pinu11p s I es. Ext remit ca.Ire truLst he exertc isrul I a t irujte enstL iflut es of I

utporrt n if indi r it ettiiai (r, otst S a r-e t o he' hove I opel

82. 'imrt,ii I Iv , . t r.idrt I nilI g ravit I t v 5e \ stL(iit i s t he lI ,Is t co~ JIs L I

ir'at.1 f Il'( It 1 ig Iand t riatis po rt I rig was "tt'ae .It 1 lowcvoc, loO rents 1 re st'%%I' r

svs t'rrsif t er Ift'i,]si1hut1' IaIt e'1rr.1t I ve whe r' toporaIlic I l tgic cIt

,It r . itsp . I lifth girt ii t loIc t ionl syvSt ('1us. ht- cr Itrrr hocIIf ) de's igr arid
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Table 3

Typ i-:_ Sep.t. ic Tank-Effluent Characteristics

Parameter - Average Rarge

B /, Yl 150 7-480

((c0, ing/2 311 25-780

NsS, mg/2 95 10-695

Total nitrogen, nig/2 40 9-125
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Table 5

Estimate of Water Use by Fixture

R. t " ")it rali oi l r

I _t em I. itilt r/ I j xt u re Ca up lg Pi111I F i sh I i

Iter loset 36 8 It --

Wi Le r ouln ta i nm 1 ()0 ---

i i j a 1 10 8 C) --

LamtI v S 4 v I)..

Lavatory 15 8 1 --

Dump stat Ioil 10 4 ....

Showe r 100 3 ....

Fish cleaning stat ion 50 .... 4

Service sink 10 2 2 --

.S

S

S]

o

0.

0'

O0
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Table 6

Fixture Unit Values (F. E. Mevers 1984)

Fixture

Fixture Description Unit Value

Bathroom group, consisting of lavatory, bath-
tub or shower, and (direct flush) water closet 8

Bathroom group, consisting of lavatory, bathtub
or shower, and (flush tank) water closet 6

Bathtub with 1-1/2-in. trap 2

Bathtub with 2-in. trap 3

Bidet with 1-1/2-in, trap 3

Dental unit or cuspidor I

Drinking fountain 1/2

Dishwasher domestic type 2

Kitchen sink domestic 2

Kitchen sink domestic with waste grinder 3

Lavatory with 1-1/2-in, waste plug 1

Lavatory barber or beauty shop 2

Latindry tray two-compartment 2

Shower stall 2

Shower (group) per head 3

Sink (direct flush valve) 8

Sink (service type with floor drain) 3

Sink (scullery) 4

Sink (surgeons) 3

Urinal (with flIush valve) 8

Urinal (with flush tank) 4

Water clo>-;eL I flIshi valve) 8

Water closet (flish tank) 4

Swimming pools (per each 1,000-gil. (apacity) I

l'nlisted fixture with 1-1/4-nri. trap size I

Unl i s ted fixture wi th ]-1/2-in. trap s ze' 2

Unlisted fixture with 2-in. trap size 3

linl I i st eu f ixt ire wit h 2- 1 / 2- i i t rap s I4 S
Inl i sted fi xt ire with )-in. trail sl/e -

Un II s t d fi xt ire with 4-in. trip) 0it "

Water soft ener (dollist i

0
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Ta.ble 8

Camping Area Wastewater Production

Daily Weekly Wastewater Production
FI o w a _OSd* gpc

N i n imum 71 5,222 34 9.7

Ma x i III (nm 7, 345 16,375 205 30.2

Range 7,274 11,153 171 20.5

' 1 1,406 9,947 105 18.8

Starda rd
deviation 1,403 3,796 46 7.1

pS
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Taible 10

,Ave ra e Ws tewa ter F. Io- f romL ket rreat i un Area

Typ I Ia

SulI ce . u tiit t , , ' , j)Ii

Apa rtnent, resort b-thho)usesP -rsoi T

Bat hhouses Persor I 0
Cab in, resort Person 42
Cafeter ia Customer 2

[lnip [ ovee 1 0

Camps
Camping, tent Pe rson 20
Cap ing, trail e r Person 25
Day camp (no meals) Person 13
Resorts , limited p 1 umb rig Person 50
Tourist, enIt ral )ath al toilet

aci I i t i(s Person 35

Cottages ( ss oIni I o u 1ant II y) Person 50
Cockta i loun e Seat 20

fo fee shop Customer 5
Emp 1l oyee 10

Cotuntry club Member present 104
Emp l oyee 13

Di n i ha I I Meal served 8
Dormitory, bunkhouse Person 39
Hotel , resort Person 52
La und roma t Was h 50

Store, resort Customer 2.5
Employee 10

Swilmning pool Customer 10

Emp I oyee 10
Theater Seat 2.5
Visitor center Visitor I

Pa rks
Ove rnight, thish toilets Pe rson 20
I'raiilers, ifniividil'al bath Person 50

B,ithhoue, .sh, wrs, and f lush toi lets Person 20

I'l 1ot ll Person 4

Ilt Person 0.28

gpiud ga I I )i per tin it per day.

,. - .. . . .. .j -. . .: . -. . . .



liih I e !I

I se ._jaiwous Water Ls igo ;I I)a t t:

Noniima I WI t e r
. t a Lal l Imp c

at r r I os,,t, tI ish valve, 2) psi 10 gl /IniI 1

aIsh basil 1-1/2 gaI/use

hIt h11 ) g ' aI /use

howt-t head 25-30 gal/use

"r-der hose, 3/8 il. , 25-ft head 200 gal/hr

ardei hose, 3/4 in., 1/4-in. nozzle, 25-ft head 300 gal/hr

ire hos;e, 1-1/2 in., 1/2-in. nozzle, 70-ft head 2400 gal/hr

ontinuous flowing drinking fountain 75 gal/hr

,awn sprinkler 120 gal/hr

, toniatic home laundry machine 30-50 gal/load

lishw.shing machine, home type 6 gal/load

ishwashing machine, commercial (does not
inclide water to fill wash tank)

Stationary rack type, at 15 psi 6-9 gal/min

Conveyor type, at 15 psi 4-6 gal/min

,arhage grinder, home type 1-2 gal/day/
person

• . . . . .
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